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Am74LS424 SCC AMBZZS: 02 cc. chests Woes Mek dled deed eg dana eae baa own Gee 3-195 
Am74LS533 Octal Transparent Latch; Three-State Outputs (Inv.)................000. 3-154 
Am74LS534 Octal D-Register; Three-State Outputs (Inv.) ............ 0.0... 02.0 3-158 
Am74LS568 SECTAMZOLO2008 oii 8.54 hat bee yd eke dene arene eneres 3-196 
Am74LS569 SOGAMZSLS 2569 winds is oh tui aude bas sides eg nian ee Sale 3-196 
Am74LS668 Synchronous BCD Decade Up-Down Counter; Programmable ........... 3-197 
Am74LS669 Synchronous Four-Bit Binary Up-Down Counter; Programmable ......... 3-197 
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Am25S05 
Am25S07 
Am25S08 
Am25S09 
Am25S10 
Am25S18 
Am26S02 
Am26S10 
Am26S11 
Am26S12 
Am26S12A 
Am54S138 
Am54S139 
Am54S151 
Am54S153 
Am54S157 
Am54S158 
Am54S160 
Am543$161 
Am54S174 
Am54S175 
Am54S181 
Am54S194 
Am54S195 
Am54S240 
Am54S241 
Am54S242 
Am54S243 
Am54S244 
Am54S251 
Am54S253 
Am54S257 
Am54S258 
Am54S350 
Am54S373 
Am54S374 
Am54S378 
Am54S379 
Am54S388 
Am54S399 
Am54S412 
Am54S533 
Am54S534 
Am74S138 
Am74S139 
Am74S151 
Am74S153 
Am74S157 
Am74S158 
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LOW-POWER SCHOTTKY MSI/LS!I AND INTERFACE PRODUCTS 


HIGH SPEED SCHOTTKY MSI AND INTERFACE CIRCUITS 


Description Page 
Four-Bit by Two-Bit 2’s Complement Muliplier.............-.--++ sere ee 4-3 
Hex/Quad Parallel D Register with Register Enable ................+--. 4-9 
Hex/Quad Parallel D Register with Register Enable ................+55. 4-9 
Quad Two-Input, High-Speed Register .........-.. 2. eee ee eee eee tees 4-29 
Four-Bit Shifter with Three-State Outputs ......... 0... cee cee eee ees 4-33 
Quad D Register with Standard and Three-State Outputs ............-.. 4-47 
Schottky Dual Retriggerable, Resettable Monostable Multivibrator........ 4-51 
Quad Bus Transceiver ........... 0. cece ec eee cere cent ener een e nee 4-55 
Quad Bus Transceiver ........ 00.0 cece cece ree eee teen tenn e eae eeenne 4-55 
Quad Bus Transceiver ......... 0. cece cee eee crete teen n teen eens 4-60 
Quad Bus Transceiver ....... 0... ccc cece eee eee ene en enone 4-60 
3-Line to 8-Line Decoder/Demultiplexer .... 0.2.02... cece eee ees 4-65 
Dual 2-Line to 4-Line Decoder/Multiplexer ........... 0.000 c eee eee eee 4-69 
Eight-Input Multiplexer .. 0.0.0.2... eee eee ee ett tes 4-73 
Dual 4-Line to 1-Line Data Selectors/Multiplexer ...........0.-. eee eee 4-77 
Quadruple 2-Line to 1-Line Data Selector/Multiplexer ...............---- 4-81 
Quadruple 2-Line to 1-Line Data Selector/Multiplexer ............--.++-- 4-81 
BCD Decade/Four-Bit Binary Counter ................502 eee Paks gue 4-85 
BCD Decade/Four-Bit Binary Counter ............ 0.6 4-85 
Hex Quadruple D-Type Flip-Flop with Clear ...........-. 5... ee ee eens 4-89 
Hex Quadruple D-Type Flip-Flop with Clear ..............-- sees ee eee 4-89 
Four-Bit Arithmetic Logic Unit/Function Generator ..........----0eee eres 4-93 
Four-Bit High-Speed Shift Register ............ 2... eee eee 4-99 
Four-Bit High-Speed Shift Register ........... 0... cece eee eee eee ees 4-99 
Octal Buffer/Line Driver/Line Receiver with Three-State Outputs ......... 4-103 
Octal Buffer/Line Driver/Line Receiver with Three-State Outputs ......... 4-103 
Octal Buffer/Line Driver/Line Receiver with Three-State Outputs ......... 4-103 
Octal Buffer/Line Driver/Line Receiver with Three-State Outputs ......... 4-103 
Octal Buffer/Line Driver/Line Receiver with Three-State Outputs ......... 4-103 
Eight-Input Multiplexers ......... 0... cece eee et ett es 4-73 
Dual 4-Line to 1-Line Data Selector/Multiplexer ...........-.-. 50 eee eee 4-77 
Quadruple 2-Line to 1-Line Data ......... 6c cece eee eee eee teens 4-108 
Quadruple 2-Line to 1-Line Data ...... 6... . eee eee eee eens 4-108 
Four-Bit Shifter with Three-State Outputs ............ 2... eee ee eee 4-112 
Octal Latch with Three-State Outputs ........ 0... 0c eee eee ees 4-114 
8-Bit Register with Three-State Outputs ......... 6. eee eee eee 4-115 
Hex/Quad Parallel D Registers with Register Enable ..............+..-. 4-116 
Hex/Quad Parallel D Registers with Register Enable ..............----- 4-116 
Quad D Register with Standard and Three-State Outputs .............-. 4-118 
Quad Two-Input, High-Speed Register .......... 6. eee eee etree tenes 4-120 
Soe: AIn62 12. aécnw 2 een SSR St Sadia Peele teehee sees 4-122 
Octal Latch with Three-State Outputs (Inv.) ... 0... 0... eee eee eee eee 4-114 
Octal Register with Three-State Outputs (INV.) ............ cere eee eee 4-115 
3-Line to 8-Line Decoder/Demultiplexer .......... 06.6000 e eee eee eee 4-65 
Dual 2-Line to 4-Line Decoder/Demultiplexer ..........--. 52sec eee eee 4-69 
Eight-Input Multiplexers .......... 260. seen eee nets 4-73 
Dual 4-Line to 1-Line Data Selector/Multiplexer ........-....-.5--2505e- 4-77 
Quadruple 2-Line to 1-Line Data Selector/Multiplexer .........--.-+--+-: 4-81 


Quadruple 2-Line to 1-Line Data Selector/Multiplexer .......-...-+++---- 4-81 
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Am74S160 
Am74S161 
Am74S174 
Am74S175 
Am74S181 
Am74S194 
Am74S195 
Am74S240 
Am74S241 
Am74S242 
Am74S243 
Am74S244 
Am74S251 
Am74S253 
Am74S257 
Am74S258 
Am74S350 
Am74S373 
Am74S374 
Am74S378 
Am74S379 
Am74S388 
Am74S399 
Am74S412 
Am74S533 
Am74S534 
Am3212 
Am8T26 
Am8T26A 
Am8T28 
Am8212 
Am82S62 
Am8304B 
Am93S10 
Am93S16 
Am93S21 
Am93S22 
Am93S48 
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LOW-POWER SCHOTTKY MSI/LS! AND INTERFACE PRODUCTS 


Description Page 
BCD Decade/Four-Bit Binary Counter ............ 0000 cece ccceeeceeee 4-85 
BCD Decade/Four-Bit Binary Counter ............. ccc cece ccc eee eeee. 4-85 
Hex/Quadruple D-Type Flip-Flop with Clear .................ccceeeeee 4-89 
Hex/Quadruple D-Type Flip-Flop with Clear ...............cccccceeeeee 4-89 
Four-Bit Arithmetic Logic Unit/Function Generator ...................... 4-93 
Four-Bit High-Speed Shift Register ............ 0.0.0.0 ccc ccc ccc eee eeeee 4-99 
Four-Bit High-Speed Shift Register .........0... 0.00 ccc cece cece ee eeeee 4-99 
Octal Buffer/Line Driver/Line Receiver with Three-State Outputs ......... 4-103 
Octal Buffer/Line Driver/Line Receiver with Three-State Outputs ......... 4-103 
Octal Buffer/Line Driver/Line Receiver with Three-State Outputs ......... 4-103 
Octal Buffer/Line Driver/Line Receiver with Three-State Outputs ......... 4-103 
Octal Buffer/Line Driver/Line Receiver with Three-State Outputs ......... 4-103 
Eight-Input Multiplexers ......... 0.00000. c cece cece ee eceeeeeenes 4-73 
Dual 4-Line to 1-Line Data Selector/Multiplexer .....................2.. 4-77 
Quadruple 2-Line to 1-Line Data 2.0... ccc ccc cece eeeee 4-108 
Quadruple 2-Line to 1-Line Data... 0... ccc ccc ccc cence 4-108 
Four-Bit Shifter with Three-State Output .............00.0 ccc cee ceeee 4-112 
Octal Latch with Three-State Outputs ........0.... 00 ccc ccc ccecceceeeee 4-114 
8-Bit Register with Three-State Outputs ..........0.. 0... cece eeu e ee eeee 4-115 
Hex/Quad Parallel D Registers with Register Enable ................... 4-116 
Hex/Quad Parallel D Registers with Register Enable ................... 4-116 
Quad D Register with Standard and Three-State Outputs ............... 4-118 
Quad Two-Input, High-Speed Register ............... 0.00. cece ce ee eeee 4-120 
See Am8212 ...... ROA Gitta sce eite ho arated 4 Gm aetna dial les ah we aeaddons 4-122 
Octal Latch with Three-State Outputs (Inv.) ........... 000. c cee eeeeeee 4-114 
Octal Register with Three-State Outputs (Inv.) ............. ccc cece eee. 4-115 
Eight-Bit Input/Output Port ......000. 000 cece cece c eee eeeeeees 4-123 
Schottky Three-State Quad Bus Driver/Receiver .................00000. 4-130 
Schottky Three-State Quad Bus Driver/Receiver ..................0000. 4-135 
Schottky Three-State Quad Bus Driver/Receiver ..................0005. 4-135 
Eight-Bit Input/Output Port ........... 0... cece eee e cece eee esenaeey 4-123 
Nine-Input Parity Checker/Generator ...........0.00.00 00 cece cceeeeu. 4-140 
Octal Bidirectional Transceiver ..................... Pe ey eg eee 4-144 
BCD Decade/Four-Bit Binary Counter ............. 0... cece cece ence 4-148 
BCD Decade/Four-Bit Binary Counter .............. ccc ccccccccccceees 4-148 
Dual 2-Line to 4-Line Decoder/Demultiplexer ....................00005. 4-69 
Quadruple 2-Line to 1-Line Data Selector/Multiplexer ................... 4-81 


Twelve-Input Parity Checker/Generator ............0... 0000 ccc eceeeeeee 4-152 


SCHOTTKY AND LOW-POWER SCHOTTKY 
FUNCTIONAL SELECTOR GUIDE 
This guide divides the AMD Low-Power Schottky and 
Schottky TTL Product Line by function into three basic per- 
formance categories indicated by the examples below. 


1. High-Performance, Low-Power Schottky Ex. 25LS174 Six 
Bit Register. fax = 40MHz (Min.) 


2. Standard Low-Power Schottky 
Ex. 74LS174 Six Bit Register. fra, = 30MHZz (Min.) 


3. High-Speed Schottky 
Ex. 745174 Six Bit Register. fmax = 75MHz (Min.) 


HIGH-PERFORMANCE STANDARD 
LOW-POWER LOW-POWER HIGH-SPEED 

DESCRIPTION SCHOTTKY SCHOTTKY SCHOTTKY 
DECADE (BCD) COUNTERS 
Asynchronous Clear, Synchronous Preset 25LS160A 54/74LS160A 54/74S160/93S10 
Synchronous Clear, Synchronous Preset 25LS162A 54/74LS162A 
Up-Down, Synchronous Preset 25LS168A 54/74LS168A 
Up-Down, Asynchronous Preset, Single Clock 25LS190 54/74LS190 
Up-Down, Asynchronous Preset, Dual Clock 25LS192 54/74LS192 
Up-Down, Synchronous Preset, Three-State 25LS2568 
BINARY HEXADECIMAL COUNTERS 
Asynchronous Clear, Synchronous Preset 25LS161A 54/74LS161A 54/74S161/93S16 
Synchronous Clear, Synchronous Preset 25LS163A 54/74LS163A 
Up-Down, Synchronous Preset 25LS169A 54/74LS169A 
Up-Down, Asynchronous Preset, Single Clock 25LS191 54/74LS191 
Up-Down, Asynchronous Preset, Dual Clock 25LS193 54/74LS193 
Up-Down, Synchronous Preset, Three-State 25LS2569 
DECODER/DEMULTIPLEXERS 
One-of-Ten Decoder/Demultiplexer, Polarity Control 25LS2537 
One-of-Eight Decoder/Demultiplexer 25LS138 54/74LS138 54/74S138 
One-of-Eight Decoder/Demultiplexer with Control Storage 25LS2536 
Dual One-of-Four Decoder/Demultiplexer 25LS139 54/74LS139 54/74S139/93S21 
One-of-Eight Decoder/Demultiplexer, Polarity Control 25LS2538 
Dual One-of-Four Decoder/Demultiplexer, Polarity Control 25LS2539 
MULTIPLEXERS 
Eight-Input Multiplexer 25LS151 54/74LS151 54/74S151 
Eight-Input Multiplexer with Control Storage 25LS2535 
Three-State Eight-input Multiplexer 25LS251 54/74LS251 54/74S251 
Dual Four-Input Multiplexer 25LS153 54/74LS153 54/74S153 
Three-State Dual Four-Input Multiplexer 25LS253 54/74LS253 54/74S253 
Quad Two-Input Multiplexer; Non-Inverting 25LS157 54/74LS157 54/74S157/93S22 
Three-State Quad Two-Input Multiplexer; Non-Inverting 25LS257 54/74LS257 54/74S257 
Quad Two-Input Multiplexer; Inverting 25LS158 54/74LS158 54/74S158 
Three-State Quad Two-Input Multiplexer; Inverting 25LS258 54/74LS258 54/74S258 
MONOSTABLE (ONE-SHOT) 
Dual Retriggerable, Resettable Monostable Multivibrator 26802 
OPERATORS (ALU, MULTIPLIER, PRIORITY ENCODER, etc.) 
Four by Two Two’s Complement Multiplier 25S05 
Four-Bit, Four-Way Shifter 25S 10/54/74S350 
Four-Bit ALU/Function Generator 25LS181 54/74LS181 54/748 181 
Four-Bit ALU/Function Generator 25LS2517 
Four-Bit ALU/Function Generator 25LS381 54/74LS381 
Four-Bit Parallel Accumulator 25LS281 54/74LS281 
Priority Encoder, Eight Line to Three Line 25LS148 54/74LS148 
Four-Bit Serial Adder/Subtractor 25LS15 
Priority Encoder, Three State 25LS2513 
Eight by One Serial/Parallel Two's Complement Multiplier 25LS14 
Eight-Bit by Eight-Bit Multiplier/Accumulator 25LS2516 
Eight-Bit Comparator 25L$2521 
Eight-Bit Registered Comparator 25LS2524 
System Clock Generator and Driver 25LS2525 
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FUNCTIONAL SELECTOR GUIDE (Cont.) 


HIGH-PERFORMANCE STANDARD 
LOW-POWER LOW-POWER HIGH-SPEED 
DESCRIPTION SCHOTTKY SCHOTTKY SCHOTTKY 
PARITY CHECKER/GENERATORS 
Nine-Input Parity Checker/Generator 82562 
Twelve-input Parity Checker/Generator 93548 
REGISTERS 
Four-Bit Register with Common Clock Enable 25LS08 54/74LS379 25S808/54/74S379 
Four-Bit Register with Two-Input Multiplexers on Inputs 25LS09 54/74LS399 25S09/54/74S388 
Four-Bit Register with Standard and Three-State Outputs 25LS2518 25S 18/54/74S388 
Four-Bit, Two-Output Three-State Register 25LS2519 
Four-Bit Register with Common Clear 25LS175 54/74LS175 54/74S175 
Four-Bit Register; Shift Right, Left or Parallel Load 25LS194A 54/74LS194A 54/74S194 
Four-Bit Register; Shift Right or Parallel Load 25LS195A 54/74LS195A 54/74S195 
Six-Bit Register with Common Clock Enable 25LS07 54/74LS378 25S07/54/74S378 
Six-Bit Register with Common Clear 25LS174 54/74LS174 54/74S174 
Eight-Bit, Serial-In, Parallel-Out Register 25LS164 54/74LS164 
Eight-Bit Shift/Storage Register; Synchronous Clear 25LS23 
Eight-Bit Shift/Storage Register; Asynchronous Clear 25LS299 54/74LS299 
Eight-Bit Shift-Storage Register with Sign Extend 25LS22 
Octal D-Type Register, Common Clear 25LS273B 54/74LS273B 
Octal Transparent Latch (Three State, non-inverting) 25LS373 54/74LS373 *54/74S373 
Octal Transparent Latch (Three-state, inverting) *25LS533 *54/74LS533 *54/74S533 
Octal D-Type Register (Three State, non-inverting) 25LS374 54/74LS374 *54/74S374 
Octal D-Type Register (Three-state, inverting) *25LS534 *654/74LS534 *54/74S8534 
Octal D-Type Register, Common Enable 25LS377B 54/74LS377B 
Octal D-Type Register, Common Enable and Clear, 
Three-State 25LS2520 


RR 


BUS INTERFACE 


Quad Bus Transceiver, Inverting (100mA) 26S10 
Quad Bus Transceiver, Non-Inverting (100mA) 26$11 
Quad Bus Transceiver, Inverting 25LS242 54/74LS242 54/74S242 
Quad Bus Transceiver, Non-Inverting 25LS243 54/74LS243 54/74S243 
Quad Open-Collector Bus Transceiver 26812/12A 
Quad Three-State Bus Transceiver (Inverting) 8TS12/12A 
Quad Three-State Bus Transceiver (Non-Inverting) 8T28 
Quad Two |/P Transceiver with Three-State Receiver (O.C.) 2905 
Quad Two |/P Transceiver with Parity (O.C.) 2906 
Quad Two |/P Transceiver with Parity (O.C.) 2907 
Quad Two |/P Transceiver with Three-State Receiver 

(Three-State) 2915A 
Quad Two |/P Transceiver with Parity (Three-State) 2916A 
Quad Two |/P Transceiver with Parity (Three-State) 2917A 
Octal Bus Driver, Inverting 25LS240 54/74LS240 54/74S240 
Octal Bus Driver, Non-Inverting 

(Complementary G, G inputs) 25LS241 54/74LS241 54/74S241 
Octal Bus Driver, Non-Inverting 25LS244 54/74LS244 54/74S244 
Octal Bus Driver, Low-Power. 71/81LS95 
Octal Bus Driver, Low-Power, Inv. 71/81LS96 
Octal Bus Driver, Low-Power. 71/81LS97 
Octal Bus Driver, Low-Power, Inv. 71/81LS98 
Octal Bidirectional Bus Transceiver 8304 


* 
In development. 
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ADVANCED MICRO DEVICES 
SCHOTTKY AND LOW-POWER SCHOTTKY MSI 


Advanced Micro Devices offers a complete line of Schottky and Low-Power Schottky MSI 
products. On the following pages are a selector guide for these products and brief data on 
several of the most useful parts. For complete data refer to our Schottky and Low-Power 
Schottky Data Book. 


Advanced Micro Devices offers two LS Logic families. 
@e Am25LS — High Performance 
@ Am54/74LS — Standard Performance 
Simuar elements of both families are described on the same data sheet. Ke 
compared below. 


10X 
MORE RELIABLE 


All Advanced Micro Devices’ products are manufagéeffed to the quality assurance require- 
ments of MIL-STD-883, Level C. According to Wfndbook 217B published by the Rome Air 
Development Center, the AjePorce’s principaraathority on component reliability, Level C 
integrated circuits are up(to ten times more reliable}than normal industry commercial parts. 


Even if you don’t need the pe menee-features of Am25LS, you can buy our versions of 
54/74LS devices with the assurance that they are manufactured to the stringent quality 
standards of MIL-STD-883. 


50mV MORE 
NOISE MARGIN 


Am25LS IMPROVED PERFORMANCE 


® Noise Margin TWICE THE= 


At Io = 8mA, Am25LS guarantees Vo <= 0.45V dmpared to 0.50V for 54/74LS. FAN-OUT 
@ Fan Out 
Over the military temperature range, Am25LS is specified Coy = 8mA > a F.O. of 22 
(8mA/0.36mA). 54LS is guaranteed at Io, = 4mA only, for F.0- 4mA/0.36mA). REDUCED SUPPLY 


@ Isc (Max.) | 
Am25LS has I gc upper limit controlled€Q85mA DIJO CURRENT SPIKING 


@ Speed 


In this example, Am25LS164 has worst case clock to output delay specified @ up to 45% 
faster and fyyax at more than 40% faster than 54/74LS164: Most Am25LS devices-OTTey 
similar improvements. 


SWITCHING SPEED SPECIFIED AT TEMPERATURE AND POWER SUPPLY EXTREMES 


The switching speeds of all new Am25LS devices are now being specified at: 
@ Full 5OpF load 
@ Over the operating temperature range 
— Military —55°C to +125°C 


— Commercial 0°C to +70°C 
@ Over the operating power supply range Tl 
— Military 5.0V + 10% ipo Betad 


— Commercial 5.0V + 5% SPECIFIED ™ 


FASTER 


PRICE 


Most Am25LS device list prices are the same or less than the equivalent 54/74LS 
standard performance device. 
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Am25LS164 - Am54LS/74LS164 


8-Bit Serial-in, Parallel-Out Shift Register 


DISTINCTIVE CHARACTERISTICS FUNCTIONAL DESCRIPTION 


The Am25LS164 and Am54LS/74LS164 are eight-bit, serial 
in/parallel out shift registers built using advanced Low-Power 
Schottky processing. A gated input provides enable/disable 
control over incoming data such that the data can be entered 
or logic zeros can be entered into the register. 


Gated serial inputs 

Asynchronous clear 

Am25LS devices offer the following improvements over 
Am54/74LS 

— Higher speed 

— 50mV lower VoL at IOL = 8mA 


An asynchronous clear input can be used to simultaneously 
clear the eight flip-flops in the device. When the clear input is 
LOW, all internal flip-flops are forced LOW independent of 
the clock input. An incoming data bit is entered into the Q, 
flip-flop and the data in all internal flip-flops is shifted right on 
the LOW-to-H1IGH transition of the clock input. 


= T f' j — a 5°) * 
440A source current at HIGH output 

100% product assurance testing to MIL-STD-883 
requirements 


The Am54LS/74LS164 is a standard performance version of 
the Am25LS164. See appropriate electrical characteristic tables 
for detailed Am25LS improvements. 


LOGIC DIAGRAM 


Am25LS164 
ELECTRICAL CHARACTERISTICS 

The Following Conditions Apply Unless Otherwise Specified: 

COM'L Typ =0°C 10 +70°C 
MIL Ta = -55°C to +125°C 


DC CHARACTER 


MIN. = 4.75 V 
MIN, = 4.50V 


Vec = 5.0V '5% 
Veco = 5.0V :10% 
ISTICS OVER OPERATING RANGE 


est Conditions (Note 1) 


MAX. = 5.25V 
MAX. = 5.50 V 


Typ. 
(Note 2) 


Vec = MIN., lon = 440A 
VIN = Vin or VIL 


Output HIGH Voltage 


Guaranteed input logical HIGH 


Input HIGH Level 


Am54LS/74LS 164 


voltage for al! inputs 
Fagus ow Level Guaranteed input logical LOW 
voltage for all inputs 
Cssith edt th yecee diy eh A reagictes tee ag ee 7 Meats’ MAX. = 5.25V 
Vec = MIN., Hy = -18mA Saale 
Typ. 
ditions (Note 1 ; i 
Input LOW Current Voc = MAX., Vin = 0.4V ee ow > Nes ltl 
’e FQ) © 
ened + 4 a + Volts 
20 uA Snares 27 ve ey 3.4 S 
———— po eee ante en ne tae tener immanent maa tts aan aw ote nen . wee meee sesso | — All, lor = 4.0MA 0.25 0 
Input HIGH Current - =7. : wane 
0.35 
(Note 3) Molts 
Power Supply Current 
| 
ce (Note 4) wee 
Notes: 1. For conditions shown as MIN. or MAX SWITCHING CHARACTERISTICS 
2. Typical limits are at Voc = 5.0V, 25 € (Ta = +25°C, Vec = 5.0V) Volts 
3. Not more than one output should be st ree a 4 
beac ed with outputs open, serial inp Parameters Description 
mA 
| 
Clear to Output uA 
Clock or Clear a4 
: Data mA 
D 
ata _ 4 
Clear Recovery Time a 
Maximum Clock Frequency 
mA 


cable device type. 


Am25LS ONLY 
SWITCHING CHARACTERISTICS 
OVER OPERATING B 


Am25LS MIL 


Ta =—-55 Cto+125°C 
Vcc = 5.0V +10% 


Am25LS COM’L 


Ta =0°Cto+70°C 
Vcc = 5.0V +5% 


aye 


Parameters Description 


Clock to Output 

Clear to Output ons 

Ctock or Clear ns 

Data ns 

Data ns 

Clear Recovery Time ns 
MHz 


Maximum Clock Frequency 


*AC performance over the operating temperature range is guaranteed by testing defined in Group A, Subgroup 9. 
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Advanced Micro Devices offers both Am25LS, High Perfor- 
mance, and 54LS/74LS Standard Performance, low-power 
Schottky families. Am25LS devices may be substituted for 
54LS/74LS devices as shown in the table below. 


Am25LS°Am54LS/74LS CROSS REFERENCE GUIDE 


Products with different numbers corresponding to the similar 
Am25LS and 54LS/74LS functions are Texas Instruments sec- 
ond source part numbers to Advanced Micro Devices products. 


eee 


Am25LS 
HIGH PERFORMANCE 
LS 


AM25LS07 
AM25LS08 
AM25LS09 
AM25LS14 
AM25LS15 
AM25LS22 
AM25LS23 
AM25LS138 
AM25LS139 
AM25LS148 
AM25LS151 
AM25LS153 
AM25LS157 
AM25LS158 
AM25LS160A 
AM25LS161A 
AM25LS162A 
AM25LS163A 
AM25LS164 
AM25LS168A 
AM25LS169A 
AM25LS174 
AM25LS175 
AM25LS181 
AM25LS190 
AM25LS191 
AM25LS192 
AM25LS193 
AM25LS194A 
AM25LS195A 
AM25LS240 
AM25LS241 
AM25LS242 
AM25LS243 
AM25LS244 
AM25LS251 
AM25LS253 
AM25LS257 
AM25LS258 
AM25LS273 
*AM25LS281 
AM25LS299 


AM25LS373 
AM25LS374 
AM25LS377 
AM25LS378 
AM25LS379 
AM25LS$381 


* 
In development. 


Am54/74LS 
STANDARD 
LS 


AM54/74LS378 
AM54/74LS379 
AM54/74LS399 
AM54/74LS384 
AM54/74LS385 
AM54/74LS322 
AM54/74LS323 
AM54/74LS138 
AM54/74LS139 
AM54/74LS148 
AM54/74LS151 
AM54/74LS153 
AM54/74LS157 
AM54/74LS158 


AM54/74LS160A 
AM54/74LS161A 
AM54/74LS162A 
AM54/74LS163A 


AM54/74LS164 


AM54/74LS168A 
AM54/74LS169A 


AM54/74LS174 
AM54/74LS175 
AM54/74LS181 
AM54/74LS190 
AM54/74LS191 
AM54/74LS192 
AM54/74LS193 


AM54/74LS194A 
AM54/74LS195A 


AM54/74LS240 
AM54/74LS241 
AM54/74LS242 
AM54/74LS243 
AM54/74LS244 
AM54/74LS251 
AM54/74LS253 
AM54/74LS257 
AM54/74LS258 
AM54/74LS273 
*AM54/74LS281 
AM54/74LS299 
AM54/74LS322 
AM54/74LS323 
AM54/74LS373 
AM54/74LS374 
AM54/74LS377 
AM54/74LS378 
AM54/74LS379 
AM54/74LS381 


DESCRIPTION 


Six-Bit Register; Common Enable 

Four-Bit Register; Common Enable 

Four-Bit Register; Multiplexed Inputs 

Eight-Bit Serial/Parallel Two’s Complement Multiplier 
Four-Bit Serial/Parallel Adder Subtracter 

Eight-Bit Serial/Parallel Register; Sign Extend 

Eight-Bit Universal Shift Register; Synchronous Clear 
One-of-Eight Decoder/Demultiplexer 

Dual One-of-Four Decoder/Demultiplexer 

Priority Encoder; Eight-Line to Three-Line 

Eight-Input Multiplexer 

Dual-Four-Input Multiplexer 

Quad Two-Input Multiplexer; Non-Inverting 

Quad Two-Input Multiplexer; Inverting 

Synchronous BCD Decade Counter; Asynchronous Clear 
Synchronous Four-Bit Binary Counter; Asynchronous Clear 
Synchronous BCD Decade Counter; Synchronous Clear 
Synchronous Four-Bit Binary Counter; Synchronous Clear 
Eight-Bit Serial-In, Parallel-Out Shift Register 
Synchronous BCD Decade Up-Down Counter; Programmable 
Synchronous Four-Bit Binary Up-Down Counter; Programmable 
Six-Bit Register; Common Clear 

Quad Register; Common Clear 

Four-Bit ALU/Function Generator 

BCD Decade Up-Down Counter; Down-Up Mode Control 
Four-Bit Binary Up-Down Counter; Down-Up Mode Control 
BCD Decade Up-Down Counter; Dual! Clocks 

Four-Bit Binary Up-Down Counter; Dual Clocks 

Four-Bit Register; Shift Right, Left or Parallel Load 
Four-Bit Register; Shift Right or Parallel Load 

Octal Bus Driver; Inverting, Three State Outputs 


Octal Bus Driver; Non-Inverting, Three State Outputs (G, G inputs) 


Quad Bus Transceiver; Inverting 

Quad Bus Transceiver; Non-inverting 

Octal Bus Driver; Non-Inverting, Three State Outputs 
Eight-Input Multiplexer; Three State Outputs 

Dual Four-Input Multiplexer; Three State Outputs 

Quad Two-Input Multiplexer; Non-Inverting, Three State Outputs 
Quad Two-Input Multiplexer; Inverting, Three State Outputs: 
Octal D-Register; Common Clear 

Four-Bit Parallel Accumulator 

Eight-Bit Universal Shift Register, Asynchronous Clear 

See Am25LS22 

See Am25LS23 

Octal Transparent Latch; Three State Outputs 

Octal D-Register; Three State Outputs 

Octal D-Register; Common Enable 

Six-Bit Register, Common Enable (25LS07) 

Four-Bit Register, Common Enable (25LS08) 

Four-Bit ALU/Function Generator (20 pin 25LS181) 
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PACKAGE 
PINS 


16 
16 
16 
16 
20 
20 
20 
16 
16 
16 
16 
16 
16 
16 
16 
16 
16 
16 
14 
16 
16 
16 
16 
24 
16 
16 
16 
16 
16 
16 
20 
20 
14 
14 
20 
16 
16 
16 
16 
20 
24 
20 
20 
20 
20 
20 
20 
16 
16 
20 


Am25LS 


HIGH PERFORMANCE 


LS 


AM25LS399 


AM25LS2513 
AM25LS2516 
AM25LS2517 
AM25LS2518 
AM25LS2519 
AM25LS2520 
AM25LS2521 

*AM25LS2524 

*AM25LS2525 
AM25LS2535 
AM25LS2536 
AM25LS2537 
AM25LS2538 
AM25LS2539 
AM25LS2568 
AM25LS2569 


* 
In development. 
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Am54/74LS 
STANDARD 
LS 


AM54/74LS382_— 


AM54/74LS384 
AM54/74LS385 
AM54/74LS388 
AM54/74LS399 
*AM54/74LS533 
*AM54/74LS534 
AM54/74LS568 
AM54/74LS569 
AM54/74LS668 
AM54/74LS669 


AM54/74LS388 


DESCRIPTION 


See Am25LS2517 

See Am25LS14 

See Am25LS15 

See Am25LS2518 

Four-Bit Register, Multiplexed Inputs (25LS09) 

inverting version of Am25/54/74LS373 

Inverting version of Am25/54/74LS374 

See Am25LS2568 

See Am25LS2569 

Slow Version of Am25/54/74LS168A 

Slow Version of Am25/54/74LS169A 

Priority Encoder; Three State Outputs, Eight-Line to Three-Line 
Eight-Bit by Eight-Bit Serial/Parallel Multiplier/Accumulator 
Four-Bit ALU/Function Generator; Overflow Detection 
Quad Register with Standard and Three State Outputs 
Quad Register with Dual Three State Outputs 

Octal D-Register; Common Clear and Enable, Three State Outputs 
Eight-Bit Comparator 

Registered Comparator 

System Clock Generator and Driver 

Eight-Bit Multiplexer; Control Storage 

Eight-Bit Decoder; Control Storage 

One-of-Ten Decoder; Three State Outputs 

One-of-Eight Decoder; Three State Outputs 

Dual One-of-Four Decoder; Three State Outputs 

BCD Decade Up-Down Counter; Three State Outputs 
Four-Bit Binary Up-Down Counter; Three State Outputs 
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16 
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16 
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20 
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TO HIGH PERFORMANCE 
LOW-POWER SCHOTTKY LOGIC 


By David A. Laws and Roy J. Levy. 


THE NEW STANDARD LOGIC 


Low-power Schottky TTL integrated circuits are now firmly 
established as the standard logic configuration for new high 
performance system designs. They have essentially entirely 
replaced standard “gold-doped” TTL devices in all applications. 
In addition, they have relegated the other logic families to spe- 
cialized needs where the ultimate in high speed (ECL) or low 
power for battery operated operation (CMOS) is mandatory. 


This wide acceptance has been achieved because LS offered all 
of the important features of the earlier TTL families with two 
significant advantages: 


@ LS circuits provide performance equal to that of standard 
TTL at between 20% and 50% of the power requirements. 
As a result, considerable system cost savings have been made 
in bulky power supplies and fans. 

@ LS technology allows more complex designs to be fabricated 
on a given die size. A far wider selection of systems oriented 
MS! and LSI! functions have therefore been developed in the 
LS family. 


Additional factors in their popularity is that the devices are im- 
plemented with the same technology, and are therefore totally 
compatible with the LSI bit-slice processors and supporting 
memories which today form the heart of most new high speed 
designs. Users of LS devices have been able to exploit these 
features to improve the performance and enhance the func- 
tional capability of their systems. In many cases this has been 
achieved at a lower total cost. 


Advanced Micro Devices is a leading supplier of low-power 
Schottky MSI and LSI devices. Two basic families of product 
are offered: 


AM54/74LS Series 


® Typical tod 10ns/gate at 2mW 
@ Typical Register fmax = 40MHz 


Pin for pin and electrical alternate source devices to the 
standard performance LS logic family. 


INPUT | | 


| 


=! T, 


os 


PARAMETERS 


AM25LS Series 


@ Typical tod 5ns/gate at 2mW 
@ Typical Register fmax = 65MHz 


Advanced Micro Devices’ proprietary high performance LS 
logic family. This includes both original designs and en- 
hanced specification versions of the AM54/74LS devices. 
Improvements include twice the fan-out over the military 
temperature range, higher noise margin and faster switching 
speeds. 


The AM25LS improved performance devices are offered by 
Raytheon Semiconductor and identified by 25LS part num- 
bers. Equivalent Fairchild and Motorola 9LS functions will 
come close to meeting AM25LS switching speeds on certain 
products. 


The AM25LS proprietary designs have been carefully chosen 
to improve operation and reduce the cost of building high 
performance digital systems. A good example is the set of 
AM25LS14, 15 and 22 digital signal processing elements. Fair- 
child, Motorola and Texas Instruments have announced plans 
to alternate source many of the new Advanced Micro Devices’ 
designs. 


Both the Am25LS and the Am54LS/74LS families can be 
freely intermixed. Together with the Am2900 series of bipolar 
microprocessor functions they will satisfy most of the design 
requirements of today’s advanced systems. 


THE SCHOTTKY DIODE STRUCTURE 


The major components of switching delays in digital integrated 
circuits are listed in Figure 1. One of the most significant of 
these is the storage time constant of a transistor driven into 
saturation Ts. Standard TTL circuits minimize this parameter 
with a process technique known as gold doping. This increases 
the rate of recombination of charge stored in the base region. 


DETERMINING FACTORS 


R,C 
8, Cob, Base Drive, Signal Amplitude 


Storage Time Constant of a Saturated 
Transistor 


Cob, Signal Amplitude 


Figure 1. Major Causes of Propagation Delay. 


The desired result of improved speed is achieved. Unfortunately 
it also reduces available design 8 at low temperatures and is 
marginally effective when hot. This results in lowered perfor- 
mance over the full military temperature range. 


The development of the Schottky diode provides a more effec- 
tive solution. A feature of the Schottky diode is its lower 
forward voltage at a given current level compared to a diffused 
(P-N) diode of the same area, Figure 2. Connecting a Schottky 
diode between the base and collector of a transistor, Figure 3, 
will shunt excess base current drive from the base to the col- 
lector, once the collector drops to a low enough voltage to for- 
ward bias the Schottky. This prevents the build up of stored 
charge and eliminates the Ts component of the delay. 


DIFFUSED DIODE 
(Vee) 


SCHOTTKY DIODE 
(Vspp) 


> 
= 
no 
Zz 
uw 
(a) 
kK 
2 
uw 
oc 
oc 
a) 
oO 


0.2 0.4 
DIODE FORWARD VOLTAGE 


Figure 2. Comparison of Ve for Schottky and 
Diffused Diodes. 


Figure 3. Schottky Clamped Transistor and its 
Conventional Circuit Symbol. 


PLATINUM SILICIDE 


SCHOTTKY DIODE 
FORMED AT JUNCTION 


SUBSTRATE 
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A Schottky diode is formed at a metal to semiconductor junc- 
tion when the semiconductor doping is at the level normally 
found in the collector region of TTL devices. A Schottky- 
clamped transistor is constructed by extending the metal con- 
tact for the base region over the collector as shown in Figure 4. 
The same metallization structure forms a simple ohmic contact 
at the base, collector and emitter contact windows because of 
the higher doping levels in the silicon at these locations. 


The selection of the forward voltage drop across the Schottky 
diode, Vspp, is a compromise between a high value to insure 
a minimum Vo, but low enough to prevent charge storage in 
the base. Platinum silicide Schottky diodes provide this op- 
timum voltage drop. Platinum is deposited and platinum- 
silicide is formed by sintering and annealing. As aluminum has 
a high affinity for silicon, in order to prevent the aluminum 
interconnect metallization from diffusing through the platinum 
material, with resulting lower Vspp, a barrier of tungsten- 
titanium is evaporated after the platinum and before the alu- 
minum metallization. This structure has been extensively eval- 
uated and proven to have excellent reliability characteristics. 
It is now widely employed in the manufacture of Schottky 
devices. Reliability data is available from Advanced Micro 
Devices on request. 


CHARACTERISTICS OF SCHOTTKY DEVICES 


The primary reason for the development of Schottky devices 
was to improve AC (switching) performance and the first inte- 
grated circuits to employ this technique offered propagation 
delays as fast as 3ns. However, their fast rise and fall times and 
high power requirements have restricted their application to 
highest performance systems. More recently it was realized 
that the technique could be used to decrease the charging 
Current required to achieve the 10ns speed specification of 
standard TTL gates. This insures considerably lower operating 
power requirements. The resulting family of devices are known 
as Low-Power Schottky (LS) circuits. 


While the low current characteristics of LS devices are extremely 
important, other features of Schottky devices have contributed 
significantly to improved overall performance, 


@ Improved yield can be obtained to higher B specifications 
which reduces the variation of a.c. performance at low 
temperatures. 


@ Elimination of the marginal effect of gold doping at high 
temperature improves switching speed at the upper end. 


@ PNP transistors with useful 6 can now be fabricated. 
Since they reduce input load current requirements, they 
can be employed on inputs where loading is critical. 


ALUMINUM INTERCONNECT 
METALLIZATION 


Figure 4. Schottky Diode Clamped Transistor Structure. 
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@ The shallow epitaxial layers employed (around 3.5um) 
considerably reduce on chip capacitance and series 
resistance. This is a significant contributor to improved 
speed performance at low-power. 


Other improvements in general circuit design flexibility 
include improved control over internal waveform ampli- 
tudes, lower junction leakage currents and location of 
parasitic capacitances at low impedance nodes. 


LOW-POWER SCHOTTKY FAMILIES 


The first application of the low power technology to a com- 
mercially available product was to redesign the most popular 
elements of the standard, gold-doped 54/74 TTL family in LS. 
This provided a set of functions pin-for-pin and speed com- 
patible with the earlier TTL parts, but requiring as little as 
20% of the power. The basic gate design for a 54LS/74LS 
element is shown in Figure 5. This offers a typical propagation 
delay of 10ns at 2mW power dissipation. Similar improvements 
have been made in power requirements for flip-flops and MSI 
functions. 


OUTPUT 


Tpp = 10ns (TYP) 
POWER/GATE = 2mwW (TYP) 

VOH = 2.7V (MIN.) 

VoL = 0.5V (MAX.) 


Figure 5. Low-Power Schottky ’74LS” TTL Gate. 
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This LS family offers many advantages to the system designers 
over the older standard TTL functions. 


Lower supply currents permit the use of smaller, lower 
cost power supplies. 

Reduced power dissipation generates less heat and sim- 
plifies cooling needs and allows increased board packing 
density. 

Lower on-chip operating temperatures decrease IC failure 
rates, thus improving system reliability. 

Lower operating currents reduce output spiking, leading 
to a decrease in noise generation and associated system 
problems. 

As the input load current requirements of Low-Power 
Schottky are only 25% of standard TTL, the new cir- 
Cuits are easier to interface with MOS elements, such as 
memories and microprocessors. 

Provided input and output loading rules are obeyed, as 
the functions and pin-outs are identical to those of the 
earlier TTL families, it is easy to upgrade existing systems. 


In addition, no retraining of personnel is necessary before pro- 
ceeding with a new design using these improved circuits as 
most engineers are already familiar with the logic functions 
and capabilities of TTL. 

Later improvements in process technology and design tech- 
niques have led to what is essentially a second generation of 
LS devices. Generally described as high-performance LS, these 
products maintain the same power requirements as 54LS/ 
74LS but offer such improvements as: 


@ Up to 50% faster speed 
@ Improved DC noise margin (50mV at full drive) 
@ Twice the fan-out over the military temperature range 


The Advanced Micro Devices’ Am25LS Family combines all 
these high-performance features into products which are direct 
replacements for the equivalent Am54LS/74LS MSI functions. 


INCREASED FUNCTIONAL COMPLEXITY 


As devices are operating at lower current levels, smaller area 
geometries can be employed. Thus, an LS design can often be 
produced on a smaller die than the equivalent standard TTL 
function. Further, the recent development of composite and 
self-aligning masking techniques allows even further reductions 
in device geometry sizes. These in turn result in faster speeds 
and the ability to manufacture more complex die. 


Lower power dissipation also allows considerably more compo- 
nents to be incorporated onto a single chip without exceeding 
the recommended chip operating temperature. 


The ability to produce large die at economical! prices has im- 
proved the functional capability and variety of elements avail- 
able in the LS family compared to standard TTL. Thus, LS 
technology is being used to implement many high-performance 
LSI functions in memory, interface and microprocessor, as 
well as logic families. 


An important feature of all LS families is the new 20-pin Dual 
In-Line Package. This configuration fills the need for a package 
having the number of terminals necessary to accommodate the 
more complex products possible with LS, without the physical 
and cost disadvantages of the older 24-pin outline. 


The 20-pin DIP has the same 300-mil center to center spacing 
between rows of pins as the popular 16-pin package. It there- 
fore occupies about one third the board space of the 24-pin 
DIP with only a minor trade-off in functional capability. For 
both user and manufacturer this package is also considerably 
easier and lower cost to handle and test. 


The 20-pin DIP is supplied in molded epoxy and hermetic ce- 
ramic versions. An hermetic ceramic flat pack is also available 
for military temperature range devices. 


Functionally the 20-pin configuration is optimum for building 
octal functions. Eight input lines, eight output lines, power 
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supply and ground, leaves two pins available for control signals. 
Eight-bit devices are ideal for interfacing with popular eight-bit 
fixed instruction set MOS microprocessors. They are also useful 
in micro-programmable machines using bit slice processors im- 
plemented in multiples of eight-bits. An octal register device 
in a 20-pin package can reduce count by 50% over the two 
quad, or even more wasteful, two hex elements frequently used 
today. 


A significant proportion of new Advanced Micro Devices’ LS 
products introduced recently are in the 20-pin package. 


PHYSICAL DIMENSIONS 
20-Pin Package 


Molded Dual-In-Line 


SEATING 
PLANE 


0.015 0.055 0.090 


0.020 0.065 0.110 


0.935 


Fr aa nan 


‘eerie 
r 


0.050 0.090 | 0.016 
0.110 0.020 


0.070 


Ceramic Flat Package 


0.925 
0.995 
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2. D.C. Circuit Characteristics 


CIRCUIT CONFIGURATIONS 


The basic circuit design configuration of a Low-Power Schottky 
gate is similar to that of the original standard TTL elements. 
However, certain refinements have been made to optimize de- 
vice performance when fabricated with the LS process. 


In order to analyze the circuit configuration, Table 1 shows 
terms used in describing Advanced Micro Devices’ LS circuits: 


TABLE 1 
D.C. CIRCUIT PARAMETER DEFINITIONS 


I}L The current out of an input at a specified LOW voltage. 

tH The current into an input at a specified HIGH voltage. 

loL The current into an output when in the LOW state. 

10H The current out of an output when in the HIGH state 
(pull-up circuit only). 

Isc The current out of an output in the HIGH state when 
shorted to ground. (Also called IQs) 

Vcc The range of supply voltage over which the device is 
guaranteed to operate. 

Vii The guaranteed maximum input voltage that will be re- 
cognized by the device as a logic LOW. 

ViH The guaranteed minimum input voltage that will be re- 
cognized by the device as a logic HIGH. 

VOL The maximum guaranteed logic LOW voltage at the out- 
put terminal while sinking the specified load current IO. 

VOH The minimum guaranteed logic HIGH voltage at the out- 
put terminal when sourcing the specified source current 


IOH. 


cecal 


I 
c) High Threshold = 


Both the input and output structures of the LS devices them- 
selves have evolved through a number of configurations as 
designers have attempted to optimize circuit performance. 


Depending on the function of the device any one of four com- 
monly used inputs may be employed. The significant char- 
acteristics of each of these configurations are summarized in 
Figure 6. 


The first LS designs used the familiar multi-emitter TTL input 
of Figure 6a. However because of low breakdown voltage and 
slow speed it is now used only where the geometry offers a 
significant advantage in circuit mask layout. 


The second and still most widely used structure is the simple 
DTL style input of Figure 6b. This is the fastest version and it 
has good input breakdown voltage. In output functions having 
only a single gate delay between input and output, such as a 
three-state enable input, the low threshold of the DTL confi- 
guration causes the output node to be at a sufficiently low 
voltage to risk leakage problems at high temperature. The input 
of Figure 6c raises the threshold by one diode to overcome this 
problem (Figure 7). However because it is slower and uses 
more silicon area, its use is limited to special situations. A PNP 
input, Figure 6d, insures low d.c. loading for devices with 
common input/output pins such as the Am25LS23. ‘However 
it is slow and has low breakdown voltage, comparable to the 
multi-emitter TTL structure. 


Figure 6. Low-Power Schottky Input Configurations. 
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1.5 
Vin (VOLTS) 


Figure 7. LS Input Characteristics for DT L and 
High Threshald Inputs. 


Figure 8 compares the early LS output configuration with the 
design most frequently used today. The change was made to 
provide clamping of positive ringing and to allow the higher 
Isc currents now specified (see section 3). The typical VQH 
versus IOH curves of Figure 9 are similar for both versions. 


Early LS output 
configuration (obsolete). 


THREE STATE 
O/P 
CONNECTION -4- o/P 
R = 25kQ - CONNECTION 
R= 4.0kQ 


Present LS output 
configuration. 


Figure 8. Low-Power Schottky Output Configurations. 
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Vou (VOLTS) 


Figure 9. Typical Voy Versus Igy for Low-Power Schottky. 


This example displays an Isc of approximately 35mA. Note 
that both of these designs include the ‘squaring’ network 
(R3, R4 and Os) at the base of the output pulldown transistor, 
Q4, which was not included on standard TTL families. The 
result of this is a sharp transition of VOUT with Vj;y shown in 
Figure 10 for a simple gate function. 


Vout — OUTPUT VOLTAGE 


0.5 1.0 1.5 2.0 2.5 
Vin — INPUT VOLTAGE 


Figure 10. Typical Output Versus Input Voltage 
Characteristic. 


The typical VO, versus !O, output characteristics of LS de- 
vices are shown in Figure 11. Most 74LS functions are specified 
at VOL = 0.4V at lot = 4mA and 0.5V at 8MA. Am25LS are 
specified at 0.45V for Io, = 8mA. Some newer designs are 
being guaranteed at Io, of 12mA and 24mA. This curve in- 
dicates that lack of B at low temperature will not permit 
existing designs to be guaranteed to these higher values without 
severe yield loss. 


0.2 0.3 
Voi (VOLTS) 


Figure 11. Typical LS Vo, Versus Io, Characteristics. 
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COMPARISON OF TTL DC PARAMETERS 
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VIN = 2.7V 


STANDARD TTL 


Condition 


lo = 16mA 


lou = = —300nA 


Logic HIGH 


Vin = 0.5V 
Vin = 2.7V 


INPUT/OUTPUT LEVELS 


The input thresholds and output logic levels of LS circuits 
have been designed as far as possible to be compatible with 
those of standard TTL. Table 2 shows the guaranteed d.c. 
parameters of the Am54/74LS and second generation Am25LS 
families. Input current requirements (l|}H, I},_) and therefore 
output drive needs (IQH, IO) are significantly reduced over 
standard TTL. 


Aone unit load input current at logic HIGH, I}, for Am54LS/ 
74LS is 20UA, compared with 40uA for Am54/74 standard 
TTL. Similarly at logic LOW, I), is reduced to —0.36mA from 
—1.6mA. 


Corresponding reductions in the output drive requirements are 
lOL = 4mA vs. 16mA at VoL = 0.4V and IoyH = —400”UA 
compared to 800UA. 


FAN-OUT CAPABILITY 


The fan-out capability of a logic family indicates the number 
of inputs which can be driven by a single output. It is defined 
as the maximum output drive current divided by the input cur- 
rent available. 


Logic HIGH Fan-out = IQH/I}H 
Logic LOW fan-out = I9./Ipi 


Min. 
a 

2.4 
Logic LOW f | 
Logic HIGH 
ae 
= 


Table 3 shows the fan-out capabilities of typical functions 
from the three families. The lower current operating levels of 
LS devices allow them to be specified at a logic LOW fan-out 
over the commercial range of more than twice that of standard 


TTL (22 vs. 10). The Am25LS family allows this advantage to 
be extended to the military range. 


D.C. NOISE MARGIN 


The D.C. noise margins of a digital system are defined from 
Figure 12 as follows: 

Logic HIGH Noise Margin = VOH1 — VIH2 

Logic LOW Noise Margin = Vit2 —VOL1 


These parameters for LS devices are shown in Table 2. LS has 
a minimum logic HIGH output voltage of Voy = 2.5V for 
military and 2.7V for the commercial temperature range. For 
standard TTL, VOH is 2.4V. V}H is 2.0V for both families. 


Table 3 compares the guaranteed noise margin values for the 
standard TTL and LS devices. LS devices offer improved mar- 
gin over standard TTL in the logic HIGH state, which is the 
most critical with regard to noise generation. At a similar fan- 
out, 10 for standard TTL and 11 for LS, noise margins in the 
LOW state are the same over the commercial range. 


TABLE 3 
FAN-OUT AND NOISE MARGIN 
COMPARISON OF TTL AND LS FAMILIES. 


FAN-OUT NOISE MARGIN 


FAMILY 
WH lon MILITARY COMMERCIAL MILITARY COMMERCIAL 


INPUT OUTPUT 
FAMILY CURRENT CURRENT 
Ne 


54/74 


54LS/74LS 


Military LS devices have a 100mV lower noise margin in the 
LOW state than standard TTL. In most systems, this does not 

present a problem as the lower power supply currents being “HIGH” OUTPUT 
switched with LS generally result in lower system noise gen- a aia 
eration. 


a) LOGIC “HIGH” STATE 
OUTPUT 
CURRENT CURRENT 


INPUT 


DRIVING DEVICE DRIVEN DEVICE 


The logic levels guaranteed over the operating temperature 
ranges are of course worst case. Figures 13 and 14 show the 


typical values to be considerably better than these. MINIMUM,LOGIC 


IMMUNITY “HIGH” INPUT 
(HIGH LEVEL) VOLTAGE 


Am25LS D.C. FEATURES 


The D.C. advantages offered by second generation Am25LS 
over 54/74LS devices can be seen from Table 3 as: 


MAXIMUM LOGIC 
“LOW” OUTPUT 
VOLTAGE 


MAXIMUM LOGIC 
“LOW” INPUT 
VOLTAGE 


OUTPUT/INPUT VOLTAGE LEVELS — VOLTS 


IMMUNITY 
(LOW LEVEL) 


1. In the logic LOW state at a fan-out of 22 (mA), Am25LS 
has 50mV greater noise margin (350mV vs. 300mV). 


2. Am25LS products are guaranteed at a fan-out of 22 (8mA) 
over the military range. Am54LS is specified at fan-out of ae saien 
10 (4mA) only. DEVICE DEVICE 


3. Am25LS offers a symmetrical fan-out of 22 in both logic 
HIGH and logic LOW states, allowing full use of the logic 
LOW drive capability. 
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Figure 13. LS Logic ‘0’ Noise Margin. Figure 14. LS Logic ‘’1’’ Noise Margin. 
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3. A.C. Characteristics 


INTRODUCTION 


Many Low-Power Schottky functions have been designed spe- 
cifically to replace standard TTL elements in existing system 
designs. Their A.C. performance characteristics usually meet 
or exceed the limits of the earlier devices. The switching terms 
which are used on data sheets to describe the A.C. performance 
of these designs are summarized in Table 4. The more impor- 
tant parameters are discussed in detail in this section. 


TABLE 4 
DEFINITION OF SWITCHING TERMS 


(All switching times are measured at the 1.3V logic level unless 
otherwise noted.) 


fMAxX The highest operating clock frequency. 


tpi_H The propagation delay time from an input change to an 
output LOW-to-HIGH transition. 
tpH|. The propagation delay time from an input change to an 


output HIGH-to-LOW transition. 
tpyw _-~ Pulse width. The time between the leading and trailing 
edges of a pulse, measured at the 50% points. 


tr Rise time. The time required for a signal to change from 
10% to 90% of its measured values. 


tf Fall time. The time required for a signal to change from 
90% to 10% of its measured values. 
ts Set-up time. The time interval for which a signal must 


be applied and maintained at one input terminal before 
an active transition occurs at another input terminal. 

th Hold time. The time interval for which a signal must be 
retained at one input after an active transition occurs 
at another input terminal. 

tR Release time. The time interval for which a signal may 
be indeterminant at one input terminal before an active 
transition occurs at another input terminal. (The release 
time falls within the set-up time interval and is specified 
by some manufacturers as a negative hold time). 

tHZ HIGH to disable. The delay time from a control input 

also. change to the three-state output HIGH-level to high- 

tPHZ impedance transition (measured at 0.5V change). 


tLz LOW to disable. The delay time from a control input 
also. change to the three-state output LOW-level to high- 
tPLZ impedance transition (measured at 0.5V change). 


tZH Enable HIGH. The delay time from a control input 
also. change to the three-state output high-impedance to 
tp7H HIGH-level transition. 


tz, Enable LOW. The delay time from a control input 
also. change to the three-state output high-impedance to 
tpz_ LOW-level transition. 


PROPAGATION DELAYS 


The standard designations for delays through combinatorial 
logic networks are tpHL and tpLy. A delay from an input 
change to an output going LOW is called tpy., while tpLy 
is the delay from an input change to an output going HIGH. 


Figure 15 shows a typical waveform with the output changing 
during the interval indicated by the diagonal, sloping line. 
Note that all switching times shown are measured at the 1.3 
volt logic level. 


SAME PHASE 
INPUT TRANSITION 


OUTPUT 


OPPOSITE PHASE 
INPUT TRANSITION 


Figure 15. Propagation Delay. 


Typical values for a single gate propagation delay tpy,_ in Low- 
Power Schottky functions are 8—10ns into a 15pF load. Higher 
performance LS families, such as Am25LS, exhibit delays in 
the 4 — 6ns range. These propagation delays will increase by 
2 — 4ns at an output loading of 50pF or approximately 0.1ns 
per pF. See Figure 16. 
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Figure 16. Am25LS138 Typical Propagation Delays 
Address to Output (3 Levels). 


Table 5 shows the worst case delays through typical two and 
three deep gate MSI functions such as multiplexers and de- 
coders. Speed improvements attainable with the Am25LS 
higher performance LS devices at this level of complexity are 
shown to be in the range of 20 to 40%. Guaranteed delays into 
50pF loads are being specified on all new Am25LS data sheets. 
See Table 8. 
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TABLE 5 
COMPARISON OF AC PARAMETERS (Ta = +25°C) 
LS138 3-Line to 8-Line Decoder/Demultiplexer Am25LS138 Am54LS8138 
Am74LS8138 
Parameters Description Test Conditions Min. Max. Min. Max. Units 


Two Level Delay 
Select to Output 
Three Level Delay 
Select to Output 
t 
G2A or G28 to Output 
t 
Eas Giten 


LS158 Quadruple 2-Line to 1-Line Data Selectors/Multiplexers 


Parameters Description 


t 

Data to Output 
t 

Strobe to Output 
t 

Select to Output 


EDGE RATES 


The rise and fall times of Low-Power Schottky devices are sim- 
ilar to those of standard TTL. Into a 50pF load fall time, tf, is 
typically 6-8ns, while rise time, ty, is in the 9-12ns range. A.C. 
parameters are measured at tf < 6ns and ty < 15ns. 


As with standard TTL, careful P.C. board layout rules should 
be employed to avoid problems which can occur at these rela- 
tively fast edge rates. In particular, precautions should be taken 
to insure that transmission line effects do not cause false 
switching or ringing and oscillation problems on lines longer 
than 18 inches. See Section 4 for more information. 


SEQUENTIAL DEVICES 


Set-up time, ts, hold time, th, and release time, tp, are the 
most important parameters for specifying sequential elements 
such as latches, flip-flops and registers. 


For these synchronous devices, inputs must be stable for a cer- 
tain period of time before the clock or enable pulse. This inter- 
val is the region in time during which devices are ‘‘sampling” 
their inputs. As an example, consider a latch with a D input 
and an active LOW clock. The latch will store the information 
present on its input just before the clock goes HIGH. The ques- 
tion is, how long does the input level have to be present and 
stable before the clock goes HIGH? A particular device will 
“sample” its input at some exact instant, but in a group of de- 
vices some are slower than others. The result is an interval of 
some time called set-up time during which all devices, fast or 
slow, will “sample” their inputs. 


All devices exhibit a hold time. That is a period of time after 
the clock or enable pulse transition during which the data can- 
not be changed without loss of input intelligence. This hold 
time occurs after the clock goes HIGH. Figure 17 shows the 
input requirements and definitions for data entry. Release 
time is negative hold time or the time period prior to the clock 
input after which the data can be released. Typical examples 
of LS characteristics and the improvements attainable with 
high performance Am25LS sequential devices are shown in 
Table 6. 


Vec = 5.0V, Ry = 2k2, Cy = 15pF 


Test Conditions 


Vcc = 5.0V, Ry. = 2k2, CL = 15pF 


Am54LS158 


Am74LS158 
Min. Max. 


TIMING 
INPUT 


Notes: 1. Diagram shown for HIGH data only. Output transition 


may be opposite sense. 
2. Cross hatched area is don’t care condition. 


Figure 17. Set-up, Hold, and Release Time Definitions. 


fMAX. 


A frequently misunderstood parameter on data sheets is 
maximum clock frequency fyAxX. This was defined by the 
early TTL manufacturers as the maximum toggle frequency 
which can be attained by the device under ideal conditions 
with no constraints on ty, tf, pulse width, or duty cycle. Al- 
though fax as specified cannot usually be attained in an 
operating system, it is a relatively easy parameter to test and 
provides a convenient measure of comparative performance 
between different devices. For instance, Table 6 shows the 
Am54/74LS174 at fmAxX = 30MHz (min.) while the high-per- 
formance Am25LS is specified at 40MHz (min.). Actual toggle 
frequency in a system must be determined from the specific 
signal conditions presented to the device. 
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TABLE 6 
SWITCHING CHARACTERISTICS (Ta = 25 C) 


LS174/LS175 Hex/Quadruple D-Type Flip-Flops with Clear 


Description 


Clock to Output . 


Parameters 


Clear to OQ Output, LS175 only 
Clear to Output 


| 
Pulse Width 


fe. | Data Set-up Time 


Set-up Time Clear Recovery (in-active) 
to Clock 


Data Hold Time 
fMAX. Maximum Clock Frequency 


EFFECTS OF TEMPERATURE AND POWER 
SUPPLY VARIATIONS 


Standard TTL devices exhibit severe degradation in A.C. per- 
formance towards the recommended limits of the operating 
temperature and power supply voltage ranges. 


Atelevated temperature and/or high Vcc levels, charge storage 
begins to slow down A.C. response. At the other extreme, low 
temperature and/or low Vcc, the loss of 6 causes a similar 
problem. These combined effects can cause more than 50% de- 
gradation in performance over the full military temperature 
and power supply extremes. 


As noted in Section 1, Low-Power Schottky technology re- 
duces the impact of both of these effects on performance. 6 
degradation at cold temperatures is far less severe and Schott- 
ky clamping largely eliminates the effects of charge storage at 
high temperature. 


General guidelines for variation in the AC response over tem- 
perature and power supply variations are not easy to specify. 
Typical measured variations for a combinatorial and a sequen- 
tial device are shown in Figures 16 and 18. 


The system’s designer would like a factor which will allow his 
system to meet specification with minimum design overkill. 
However, the component engineer often requires maximum 
delays to be guaranteed. For system design guidelines, the AC 
derating factors of Table 7 may be useful. 


It must be emphasized that the values of Table 7 are typical. 
However as it is unlikely that any given system will contain all 
worst case devices they will usually yield a fairly safe prediction 
of the system performance which can be achieved. 


Individual components will of course be slower than these 
typical numbers. These must be reflected on procurement 
specifications. A general rule of thumb would be to double the 
system design guidelines of Table 7. New Am25LS specifica- 
tions are now being published with worst case parameters 
guaranteed over the operating power supply and temperature 
ranges, as well as at a realistic system load condition of 50pF. 
A typical example of. this format is shown in Table 8. 


SHORT CIRCUIT OUTPUT CURRENT 


To improve performance, in 1975 TI lowered the short-circuit 
current limiting resistor value. This increased the Isc (los) 
range from —6 to —42mA up to —30 to —130mA. The overall 
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Test Conditions 


Am25LS174 Am54LS174 
Am25LS175 Am54LS175 
Am74LS174 
Am74L$8175 

Min Max Min Max. Units 


Vcc = 5.0V, Rp = 2kQ, Cy = 15pF 


tpLy (nsec) 


40 80 120 160 


tpHL (nsec) 


Figure 18. Typical A.C. Variations with Temperature and 


Power Supply for Am25LS193 Counter. 


TABLE 7 
GUIDELINES FOR TYPICAL VARIATION 
OF A.C. PARAMETERS WITH COMBINED 
TEMPERATURE AND Vcc VARIATION 


AC Derating Factor 


VCC 
Variation 


Temperature Range | (Nominal 5V) 


10% 


50% 


COM'L, 0°C to +70°C +0.25V 


+0.5V 


MIL, —55°C to +125°C 


delay when driving very large capacitive loads (>150pF) was 
reduced somewhat as a result. However, the inherent circuit 
performance still dominates in normal applications such that 
the Am25LS and other high performance families remain 
faster even when driving large capacitive loads. 


As an attempt to offer standardized specifications, most 
manufacturers, including Advanced Micro Devices, Fairchild, 
Motorola, Raytheon, and Signetics, also lowered their short- 
circuit current limiting resistor values on new designs to pro- 
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vide a typical Isc of —60mA. Most manufacturers now specify 
—15 to —100mA to accommodate both old and new circuits. 
The maximum value of —100mA was chosen, as —130mA was 
felt to be too high for a noise sensitive system design. The 
Am25LS high performance family is specified even tighter, 
with the maximum Isc limited to —85mA. 


Early in 1977 TI changed their data sheets yet again to specify 
Isc from —20mA to —100mA on regular outputs and —30mA 
to —130mA on three-state outputs. 


TABLE 8 
Am25LS2513 THREE-STATE PRIORITY ENCODER 
A.C. SPECIFICATION FORMAT FOR Vcc AND TEMPERATURE 
EXTREMES AND 50pF LOAD CONDITION 


SWITCHING CHARACTERISTICS 
(Ta = +25 C, Vcc = 5.0V) 


Description 


‘Ij to An (in-phase) 

4j to An (Out-phase) 

El to EO 

G1 or Gg to An 
tZH 


Parameters 


G3, Gq, Gs to An 


G1 or Gg to An 


‘ 


G3, Gq, G5 to An 


SWITCHING CHARACTERISTICS 
OVER OPERATING RANGE 


Parameters Description 


E 


G1 or Gg to An 


G3, G4, Gs to An 
G1 or G9 to An 
G3, G4, Gs to An 


Test Conditions Min. Typ. Max. 


Ci = 15pF 
Ry = 2.0kQ 


Ta =0°C to +70°C 
Vcc = 5.0V +5% 


Ta = —55°C to +125°C 
Vcc = 5.0V +10% 
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4. Design Guidelines 


POWER SUPPLY CONSIDERATIONS 


The recommended power supply voltage (Vcc) for all TTL 
circuits, including LS, is +5V. Commercial temperature range 
devices, designated 74LS or in the case of Am25LS with the 
suffix C, are specified with a +5% supply tolerance (+250mV) 
over the ambient range O°C to 70°C. Military range parts, des- 
ignated 54LS or in the case of Am25LS with the suffix M, are 
guaranteed with a +10% supply tolerance (t500mV) over an 
ambient temperature range of —55°C to +125°C. The power 
supply should be well regulated with a ripple less than 5% and 
with regulation better than 5%. Even though LS devices gener- 
ate significantly smaller power supply spikes when switching 
than standard TTL, on-board regulation is still preferable to 
isolate this noise to one board. 


A low-inductance transmission line power distribution bus 
with good RF decoupling is necessary for large systems. On 
all boards, ceramic decoupling capacitors of 0.01uF to 0.1uF 
should be used at least one for every five packages, and one for 
every one-shot (monostable), line driver and line receiver pack- 
age. In addition, a larger tantalum capacitor of 20uF to 100uF 
should be included on each card. On boards containing a large 
number of packages, a low impedance ground system is essen- 
tial. The ground can either be a bus or a ground which is incor- 
porated with the Vcc supply to forma transmission line power 
system. Separate power transmission systems can be attached 
to the board to provide this same feature without the cost of a 
multi-layer PC card. 


UNUSED INPUTS 


An unused input to an AND or NAND gate should not be left 
floating as it can act as an antenna for noise. On devices with 
storage, such as latches, registers and counters, it is particu- 
larly important to terminate unused inputs (MR, PE, PL, CP) 
properly since a noise spike on these inputs might change the 
contents of the memory. This technique optimizes switching 
speed as the distributed capacitance associated with the float- 
ing input, bond wire and package leads is eliminated. To ter- 
minate, the input should be held between 2.4V and the max- 
imum input voltage. One method of achieving this is to con- 
nect the unused input to Vcc. Most LS inputs have a break- 
down voltage >7V and require no series resistor. Devices spe- 
cified with a maximum 5.5 volt breakdown should use a 1k&2 
to 10k{2 current limiting series resistor to protect against VCC 
transients. Another method is to connect the unused input to 
the output of an unused gate that is forced HIGH. Do not con- 
nect an unused input to another input of the same NAND or 
AND function. Although recommended for standard TTL, with 
LS this increases the input coupling capacitance and reduces 
A.C. noise immunity. 


TRANSMISSION LINE EFFECTS 


The relatively fast rise and fall times of Low-Power Schottky 
TTL (5 to 15ns) can cause transmission line effects with inter- 
connections as short as 18 inches. With one TTL device driving 
another and the driver switching from LOW to HIGH, if the 
propagation delay of the interconnection is long compared to 
the signal rise time, the arrangement can behave like a trans- 
mission line driven by a generator with a non-linear output. 
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The initial voltage step at the output, just after the driver has 
switched, propagates down the line and reflects at the end. In 
the typical case where the line is open ended or terminated in 
an impedance greater than its characteristics impedance (ZO_), 
the reflected wave arrives back at the source and increases 
VourT. If the total round-trip delay is longer than the rise time 
of the driving signal, a staircase response results at the driver 
output and along the line. If one of the driven devices is con- 
nected close to the driver, the initial output voltage (VQUT) 
seen by it might not exceed V|}. The state of the input is un- 
determined until after the round trip of the transmission line, 
thus slowing down the response of the system. 


The longest interconnection that should be used with LS de- 
vices without incurring problems due to line effects is in the 
10—12 inch range. 


With longer interconnections, transmission line techniques 
should be used for maximum speed. Good system operation 
can be obtained by designing around 100 ohm lines. A 0.026 
inch (0.65mm) trace on a 0.062 inch epoxy-glass board 
(Ey = 4.7) with a grcund plane on the other side represents a 
100Q line. 28 to 30 gauge wire (0.25 to 0.30mm) twisted pair 
line has a characteristic impedance of 100 to 11522. 


LINE DRIVING AND RECEIVING 


For lines longer than 2 feet, twisted pairs of coaxial cable 
should be used. The characteristic impedance or the transmis- 
sion media should be approximately 120{2 such as twisted pairs 
of #26 wire or 10022 coax. A possible choice is cables with a 
characteristic impedance Ro of 1002 such as ribbon cable or 
flat cable with controlled impedance. Resistive pull-ups at the 
receiving end can be used to increase noise margin. Where re- 
flection effects are unacceptable, the line must be terminated 
in its characteristic impedance. A method shown in Figure 19 


Rg = CHARACTERISTIC 
IMPEDANCE OF LINE 


DATA 
IN 


TWISTED PAIR 


OR COAX 


ENABLE STROBE 


Figure 19. LS Driving Twisted Pair. 


has the output of the line tied to Vcc through a resistor equiv- 
alent to the characteristic impedance of the line. As the output 
impedance of the LS driver is low and must sink the current 
through it, in addition to the current from the inputs being 
driven, a useful technique is to terminate the line in a voltage 
divider with two resistors, each twice the line impedance. This 
reduces the extra sink current by 50%. Where the line exceeds 
five feet in length it is preferable to dedicate gates solely to 
line driving. 


For additional noise immunity when driving long lines, a dif- 
ferential line driver and line receiver may be used. These dedi- 


cated line interface circuits drive a twisted pair of wires differ- 


entially, permit easy termination of lines and provide excellent 
common mode noise rejection. 


The Am26LS31 driver and Am26LS32 and Am26LS33 are 
quad differential line drivers and receivers satisfying the inter- 
face requirements of EIA RS-422 and 423 as well as military 
applications, Figure 20. They are designed to operate off the 
standard 5V power supplies of the LS logic devices. More 
applications information on line termination techniques is 
provided on the above mentioned device data sheets. 


CROSS-TALK AND RINGING 


These two problems may be experienced with all forms of high 
speed digital logic. Crosstalk is the coupling of energy from 
one circuit to another via real or parasitic capacitance and in- 
ductance. Ringing is the possible rebound of the signal into the 


input threshold region (0.8 — 2.0V) following a HIGH-to-LOW 
level change. When a driver switches from a HIGH-to-LOW 
state the output voltage should fall below the threshold value. 
However, a line having a very low characteristic impedance 
does not allow transistor O5 in the NAND gate example to sat- 
urate, and the resulting output voltage may not be low enough 
to switch an adjacent device until two or more line delay times. 
The low current levels at which LS devices operate, coupled 
with the low output impedance in both HIGH and LOW Logic 
states, minimize crosstalk effects. Input clamp diodes provided 
on all LS devices are extremely effective in reducing ringing 
phenomenon. 


Care should be taken to insure that signals with falling edges 
faster than 2.5-3ns/volt are not coupled into the input of an 
LS function. Even though the signal may not pass into the 
threshold region, if the pulse edge is fast enough, sufficient 
energy may be capacitively coupled into a sequential device to 
cause it to change state: High speed Schottky elements in a 
test setup can exceed this limit. However in an active system, 
the edges will generally be slowed sufficiently to eliminate any 
problem. 


1/4 
Am26LS32 


+ 
1/4 
Am26LS32 


SHIELD OR COMMON GROUND RETURN 


Figure 20. Differential Line Driving and Receiving with the Am26LS31 and Am26LS3z2. 
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RELIABILITY REPORT 
SCHOTTKY AND LOW-POWER 
SCHOTTKY TTL DEVICES 


By Lawrence Drake and Jeff Kersey 


RELIABILITY TESTING OF SCHOTTKY DEVICES 


Reliability testing of AMD TTL devices using gold-doped and 
Schottky (S and LS) processes shows both technologies to be 
extremely stable. Life test data (MIL-STD-883, Method 1005 
for Group C, subgroup 5 testing 1000 hours, 125°C Operating 
Life) for 3610 parts yielded two failures — one slightly out 
of specification at 25°C only, the other suspected to have been 
damaged by handling. Even considering the two failures, the 
failure rate is only 0.05% per thousand hours at 125°C or 
0.0005% per thousand equivalent at 70°C (1 e v acceleration 
activation energy). Three lots (231 parts) were Schottky TTL 
devices. 


The basic design reliability of Schottky technology has been 
demonstrated in an extended life test on special circuit patterns 
devised so that individual circuit elements could be measured. 
Two groups of 22 of these special test patterns were stressed as 
indicated in Table 1 at 125°C. Change in the parameters were 
recorded at 11,000 hours for Group | and 10,000 hours for 
Group II and are presented in Tables I! and III. No device 
failures occured during these tests and no significant drifts or 
trends are evident. Several leakage parameters (IjH, ICEO, !LK) 
have high percentage changes but the absolute values are in the 
nanoamp range and approach the measurement systems re- 
solution limit. Decreases as well as increases in these currents 
occurred so trends are not indicated. 


Several devices (74LS174, 74LS175 and 25LS161) were 
checked for parameter drift during 1000 hour Life Tests at 
125°C using a MIL-STD-883, Method 1005, Condition C 
(Steady-State, Power and Reverse Bias) circuit. As can be seen 
from Tables IV, V and VI, no significant change occurred; 
again no device failures in any of these tests. The tests for the 
74L$174’s and 74LS175 contained 4 reference or control 
units, not subjected to the test, but included in the pre and 
post-test measurements. In most instances the test parts para- 
meter shift was within measurement spread for the control 
units. 


Several Group C tests as previously mentioned have been run 
on Schottky devices. These tests as well as the ones previously 
discussed are presented in Table VII. 


FAILURE MECHANISM OF TTL MSI/LSI CIRCUITS 


Standard TTL circuits: AMD’s experience as well as that of 
the Military as reported in RADC Reports and other sources 
indicate that bond lead wire and package defects account for 
more than half of device failures. Diffusion and other bulk 
defect, oxide faults, metallization damage and other die fabri- 
cation anomalies cause 10 to 15% of failures. Surface problems 
contribute 20 to 40%. Die fabrication problems do cause some 
yield loss but are not time-stress dependent failure mechanisms. 
Thus assembly anomalies and surface effects are the usual life 
limiting items. 
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Schottky/LS Circuits: Schottky diodes made by a simple 
metal-semiconductor contact have a reverse characteristic 
that is predominantly edge leakage, Figure 1a. Most Schottky 
diodes have superimposed on them an annular diffused junc- 
tion diode of a higher breakdown than that expected of the 
Schottky diode. This ‘‘guard ring’ allows the Schottky diode 
to avalanche breakdown as expected by theory, Figure 1b. In 
addition non-guard ring Schottky diodes suffer degradation of 
the reverse leakage characteristics if biased into breakdown 
repeatly; for this reason our devices are designed so that no 
user accessible non-guard ring Schottky diodes exist. Other 
than this anticipated potential problem corrected by design 
there appear to be no distinct Schottky failure mechanisms in 
non-aluminum contact Schottky devices. 


SCHOTTKY PROCESSING DETAILS 


Processing of Schottky devices is identical to that of TTL 
devices, with the exception of the gold doping steps, to the 
point where contact openings have been etched. Following the 
contact etch, platinum is sputtered to form a uniform deposi- 
tion across the surface of the wafer. This is followed by a high- 
temperature sinter to form platinum silicide in each contact 
window. All unreacted platinum is stripped with an etchant 
not active on the platinum silicide. Platinum silicide remains in 
the contact windows and no photomasking was involved, just a 
selective etch. 


The next step is the deposition of the titanium tungsten barrier 
material followed by the aluminum layer. Both layers are then 
etched to delineate the circuit intra-connect pattern using stan- 
dard photomasking techniques. 


The entire process seems complicated at first glance because of 
the three-layer structure that results, but each layer serves a 
definite purpose. 


Platinum silicide forms the actual Schottky barrier junction and 
produces a reliable diode with stable and predictable character- 
istics. Platinum could conceivably be used as the current carry- 
ing intra-connect metallization but there is no platinum etch 
compatible with current photomasking materials. 


Tungsten is required to prevent the diffusion of aluminum into 
the platinum silicide junction; however, tungsten alone has a 
tendency to peel because of poor adherence to the SiO9. The 
addition of titanium solves the adhesion problem and the re- 
sulting composite material has etch characteristics similar to 
aluminum so that-only one photomasking and etch operation 
is necessary to define the intra-connects, rather than separate 
operations for Ti-W and Al. 

Surface passivation and scratch protection is applied and etched 
in exactly the same manner as those devices using aluminum 
metallization only. 


Extensive life test data on this structure proves that it is a re- 
peatable, stable, and reliable process. 


COMMENTS 


Data has been presented from an ongoing reliability program 
for Schottky devices. No device failures have occurred in nearly 
one-half million unit hours of life testing at 125°C. Current 
data from various sources indicate that | e v is a conservative 
value for activation energy in calculating acceleration factors. 


a) Discrete Schottky Diode. 


Reliability Report 


Using this value and a Poisson distribution an equivalent 70°C 
failure rate of no worse than 0.001% per thousand hours is 
estimated at a 90% confidence. 


Schottky and LS integrated circuits provide improved perfor- 
mance over standard gold-doped TTL devices at the same high 
reliability experienced with these non-Schottky parts. 


SUBSTRATE 


b) Discrete Schottky 
“Guard-Ring”’ Diode. 


SUBSTRATE 


c) Schottky Clamped Transistor. 


QO 


BURIED LAYER 


SUBSTRATE 


Figure 1. Schottky Device Construction. 
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TABLE | 
LIFE TEST BIAS CONDITIONS 


Gate ON 
Output open 
Vcc = 5.0V 


Ip = 1mA 
Ic = 5mA 
Emitter = GND 


IRB =4mA 
Ic = 20mA 


Emitter = GND 
60022 base resistor in series with a 


IR =7.8mA 
4022 emitter resistor. 


Schottky Diode 
0.5 mil x 3.0 mil, non-guard ring Ip = 10mA 
structure 
Metallization Run 
0.2 mil by approximately 60 mil !=10mA 


Ambient Temperature 125°C 


Standard Gate 
Schottky-clamped 2-input TTL 
NAND gate 


Phase-Splitter Geometry 
1.0 mil emitter, non-guard ring 
Schottky clamp diode 


Output Geometry 
4.5 mil emitter, guard-ring Schottky 
clamp diode 


Resistors 


TABLE II 
TEST PATTERN GROUP | 


11,000 HR DATA SUMMARY 


Average % 
Initial Average Average 
Structure Parameter Value | Deita| Delta 
Standard 
Gate 
(+) 5.0mV 


Phase- jf (+) 1.4mV 
Splitter : (+) 1.7mV 
Geometry : (—) 3.2 
3A 
(+) 2.1mV 
(+) 2.0mV 
3.4mV 
(—) 1.3 
(—) .023uA 


Output 
Geometry 


VSBD @ 100uA (+) 8.0V 
Schottky VSBD @ 10mA : (+) 3.0mV 
Diode IK (—) .06uA 
VBR (+) 1.56V 


Metal Run 
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TABLE Ill 
TEST PATTERN GROUP II 


10,000 HR DATA SUMMARY 
Average % 
Initial Average Average 
Structure Parameter Value |Delta| Delta 
Vos (+) 2.3mvV 
Standard VOL 1.7mV 
Gate VOH 3.6mV 
NH (+)  .09uA 
VBC 


(—) 2.0mV 
Phase- (+) 2.5mV 
Splitter 1.4mV 


Geometry 


Output 
Geometry 


Resistors 


YSBD @ 100uA (+) 2.14mV 
Schottky VSBD @10mA (+) 3.0mV 
Diode IK O9nV 100.0 
97mV 39 
2 


VBR 


TABLE IV 
1000 HOUR LIFE TEST DATA 
FOR Am25LS161 


Initial Value Delta @ 1000 Hrs. 
0] 


Input Clamp Voltage . —1.5 
—493 


Input LOW Current —576 —656 
Input HIGH Current @ 2.7V | oo | 


6) 
input HIGH Current @ 7.0V 0.9 


302 Power-Supply Current, all Outputs LOW fe 82s |) 18S. | 


2-23 


Reliability Report 


TABLE V 
1000 HOUR LIFE TEST DATA 
FOR Am74LS8174 


Parameter 


Typical 
Initial 


Average 
Percent 


Ij, Input Low Current 


Vth, Input Threshold Voltage 1.015V 
liH, Input Leakage 04uA —12 


1}B, Input Breakdown Current OuA 0 


Vic, Input Clamp Diode 


Icc, Supply Current @ 5.5V 


Icom, Supply Current @ 7V 


tod—. CP to Q> 


TABLE VI 
1000 HOUR LIFE TEST DATA 
FOR Am74LS157 


Typical Average 
initial Percent 
Parameter Value Change 


Substrate Leakage 


Min Vcc to Function 


Schottky Voltage @ 100uA 
VOH, Output HIGH Voltage 2.92V 
Isc, Short-Circuit Output Current 


IcEx, Output Leakage 


VOL1, Output Low Voltage @ 4mA 


VOL2, Output Low Voltage @ 8mA 


1}, Input Low Current 


Vth, Input Threshold Voltage 


ljH, Input Leakage 
1}gB, Input Breakdown Current 


Vic, Input Clamp Diode 


Icc, Supply Current @5.5V 

lcm, Supply Current @ 7V 13.48mMA 
tod+, 1A to 1Y 5.1ns 
tod—, 1A to 1Y 5.4ns 
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Reliability Report 


TABLE VII 
125°C LIFE TEST DATA 


Thousand 70°C Equivalent 
Hours on Test Unit Hours Failure Rate* 


Test Pattern | 2 


2 
Test Pattern I! | Design = 220 
7aLS174 


74LS157 Group C Life 


Group C Life 


*Equivalent failure rate at 70°C calculated from Poisson distribution of a zero defect sample and activation energy or 1.0 ev for acceleration factor. 
Equivalent failure is not greater than the quoted value at 90% confidence. 
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Definition of Standard Low-Power Schottky Terms 


DEFINITION OF A.C. SWITCHING TERMS 


(All switching times are measured at the 1.3V logic level unless otherwise 
noted.) 

fmax The highest operating clock frequency. 

tp_wH The propagation delay time from an input change to an out- 
put LOW-to-HIGH transition. 

The propagation delay time from an input change to an 
output HIGH-to-LOW transition. 

Pulse width. The time between the leading and trailing 
edges of a pulse. 


tPHL 


tpw 
ty Rise time. The time required for a signal to change from 10% 
to 90% of its measured values. 


Fall time. The time required for a signal to change from 90% 
to 10% of its measured values. 


Set-up time. The time interval for which a signal must be 
applied and maintained at one input terminal before an 
active transition occurs at another input terminal. 

t 


Hold time. The time interval for which a signal must be 
retained at one input after an active transition occurs at 
another input terminal. 


Release time. The time interval for which a signal may 
be indeterminant at one input terminal before an active 
transition occurs at another input terminal. (The release time 
falls within the set-up time interval and is specified by some 
manufacturers as a negative hold time). 


HIGH to disable. The delay time from a control input change 
to the three-state output HIGH-level to high-impedance 
transition (measured at 0.5 V change). 


tf 


th 


tr 


tHzZ 


LOW to disable. The delay time from a control input change 
to the three-state output LOW-level to high-impedance transi- 
tion (measured at 0.5V change). 


Enable HIGH. The delay time from a control input change 
to the three-state output high-impedance to HIGH-level 
transition. 
Enable LOW. The delay time from a control input change 
to the three-state output high-impedance to LOW-level 
transition. 


tLz 


tZH 


tZL 


DEFINITION OF D.C. TERMS 


H HIGH, applying to a HIGH voltage level. 
L LOW, applying to a LOW voltage level. 

| Input. 

O Output. 


Negative Current Current flowing out of the device. 


P 


ie 


ositive Current Current flowing into the device. 
LOW-level input current with a specified LOW-level 


voltage applied. 


WH 


H!GH-level input current with a specified H!GH-level 


voltage applied. 


lo, LOW-level output current. 


lo HIGH-level output current. 


Isc Output short-circuit source current. 
Icc The supply current drawn by the device from the Voc 


p 


Vin 
Vin 
VoL 


ower supply. 

Logic LOW input voltage. 

Logic HIGH input voltage. 

LOW-level output voltage with Io, applied. 


VoH HIGH-level output voltage with Ioy applied. 
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LOW-POWER SCHOTTKY 
PARAMETER MEASUREMENTS 


LOAD TEST CIRCUIT FOR THREE-STATE OUTPUTS 


TEST 


POINT Vcc 


FROM OUTPUT 
UNDER TEST 


ALL DIODES 


C_ INCLUDES 
1N916 OR 
1N3064 


PROBE AND JIG 
CAPACITANCE 
O 
$2 


Note: For standard totem -pole outputs, remove R41;S 4 and So closed. 


SET-UP, HOLD, AND RELEASE TIMES 


pata _ WV ea 
INPUT AWWW NVWW\_ , 


Notes: 1. Diagram shown for HIGH data only. Output transition may 
be opposite sense. 
2. Cross hatched area is don’t care condition. 


PROPAGATION DELAY 


sig Sans tn ae at ANY 
ae Leen ee a 

‘PLH PH it 
OUTPUT — ee 1.3V 
VoL 


TeLH tPHL 


——<—— oe 


PULSE WIDTH 


SAME PHASE 
INPUT TRANSITION 


OPPOSITE PHASE 
INPUT TRANSITION 


LOW-HIGH-LOW 
PULSE 


HIGH-LOW-HIGH 
PULSE 


ENABLE AND DISABLE TIMES 
Enable Disable 


CONTROL __ 
INPUT 


OUTPUT 
NORMALLY LOW 


So OPEN 


—t ~15V 
VoL 
tHZ 
1.3V ~1.5V 
S, OPEN 
—— ~0V 


0.5V 


OUTPUT 
NORMALLY HIGH 


Notes: 1, Diagram shown for Input Control Enable-LOW and Input 
Control Disable-HIGH. 
2. Sz and S5 of Load Circuit are closed except where shown. 


Note: 1. Pulse Generator for All Pulses: Rate < 1.0MHz; Z, = 5022; 


< 15ns; te S 6ns. 


Am25LS07:-Am25LS08 


Hex/Quad Parallel D Registers With Register Enable 


DISTINCTIVE CHARACTERISTICS 


4-bit and 6-bit parallel registers 

Common Clock and Common Enable 

Positive edge triggered D flip flops 

Am25LS d. c. parameters including: 

VOL = 0.45V at lot = 8mMA 

Fan-out over military range = 22 

440uA source current 

Second sourced by TI as 54LS/74LS378 and 379 


100% product assurance screening to MIL-STD-883 


requirements 


CONNECTION DIAGRAMS 
Top Views 


Am25LS07 Am25LS08 


Note: Pin 1 is marked for orientation. 


FUNCTIONAL DESCRIPTION 


The Am25LS07 is a 6-bit Low Power Schottky register with 
a buffered: common register enable. The Am25LS08 is a 
4-bit register with a buffered common register enable. The 
devices are similar to the Am54LS/74LS174 and Am54LS/ 
74LS175 but feature the common register enable rather 
than common clear. 


Both registers will find application in digital systems where 
information is associated with a logic gating signal. When 
the enable is LOW, data on the D inputs is stored in the 
register on the positive going edge of the clock pulse. When 
the enable is HIGH, the register will not change state re- 
gardless of the clock or data input transitions. 


LOGIC DIAGRAMS 


Am25LS07 


LOGIC SYMBOLS 


Am25LS07 Am25LS08 


E Dg D; D2 D3 D4 


Am25LS07 Am25LS08 
6-BIT REGISTER 4-BIT REGISTER 


Qo Q; Q2 O03 4 Q; 


ice: 


3 2 6 7 #11 #10 14 15 


Vcc = Pin 16 
GND = Ping 


Am25LS07 e Am25LS08 
ELECTRICAL CHARACTERISTICS 
The Following Conditions Apply Unless Otherwise Specified: 


COM'L TA= 0°C to +70°C Vcc = 5.0V + 5% (MIN. =4.75V MAX. = 5.25V) 

MIL Ta = 55°C to +125°C = Vee. = 8.0V2 10% = (MIN. = 4.50V MAX. = 5.50V) 

DC CHARACTERISTICS OVER OPERATING RANGE Typ. 

Parameters Description Test Conditions (Note 1) Min. (Note 2) Max. Units 


2./ 
2.5 


Vcc = MIN., loH = —440unA COM’L 
Vou Output HIGH Voltage cc OH m 
Vin = Vin oF VIL MIL 
V = MIN. | =QmA 
VOL Output LOW Voltage oe OL 
Vin = Vin or Vit lol =8mA 
teed input logical HIGH 
Vin Input HIGH Level Guaranteed input logica ae 
voltage for all inputs 
Guaranteed input logical LOW COM’L 
IL 


34 | 
Volts 
POA) “aie 


| ven 


Bi 


uk 
| 01 | mA | 
mA 


Input LOW Level 


voltage for all inputs MIL 


Input Clamp Voltage Vec = MIN., lin = —18mMA 


Clock, E 
1 Input LOW Ver = MAX., Vin = 0.4V Z 
pasebobs, ce IN Others 
I Input HIGH C Vv MAX.. Vin = 2.7V Clock, E 
n = ae SLs 
iH pu urrent CC IN Others 


| ot | Input HIGH Current Voc = MAX., Vin = 7.0V 


Output Short Circuit Current 7 
(Note 3) eee ie cat ma 
Siu sami ieee nneinen’ Bl A 
ower Su rent = . (Note m 
ing eie! oe LS08 rr 18 


Notes: 1. For conditions shown as MIN. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type. 
2. Typical limits are at Voc = 5.0V, 25°C ambient and maximum loading. 
3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 
4. Outputs open; enable grounded; data inputs at 4.5V, rneasured after a momentary ground, then 4.5V applied to the clock input. 


MAXIMUM RATINGS (Above which the useful life may be impaired) 


Storage Temperature —65°C to +150°C 
Temperature (Ambient) Under Bias ~55°C to +125°C 
Supply Voltage to Ground Potential (Pin 16 to Pin 8) Continuous —0.5V to +7.0V 
DC Voltage Applied to Outputs for HIGH Output State —0.5V to +Vcoc max. 
DC Input Voltage | —0.5V to +7.0V 
DC Output Current, Into Outputs 30mA 
DC Input Current —30mA to +5.0mA 


SWITCHING CHARACTERISTICS 
(Ta = +25°C, Vcc = 5.0V) 


Parameters Description Min. Typ. Max. Units Test Conditions 


tPHL Clock to Output 
Clock Pulse Width 
h 


h 
frmax (Note 1) | Maximum Clock Frequency 


Note 1. Per industry convention, fmax is the worst case value of the maximum device operating frequency with no constraints on tr, tf, 
pulse width or duty cycle. 
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Am25LS07 e Am25LS08 


SWITCHING CHARACTERISTICS 
OVER OPERATING RANGE* 


Am25LS COM’L 


Ta = 0°C to +70°C 
Voc = 5.0V +5% 


Am25LS MIL 


Ta = —55°C to +125°C 
Vcc = 5.0V +10% 


Parameters Description Min. Max. Min. Units Test Conditions 
cee 


Clock to eureM 

Pee fet ew 

5 ee See 

ee _ eaneameN Be 

a 
fmax Wow ti[Meximam Clock Frequency | 30 


*AC performance over the operating temperature range is guaranteed by testing defined in Group A, Subgroup 9. 


Max. 


aes 

al 
35 

ie a 


ed 
oer 
Ea! 
ie 
ee 
a ar a Be 
ne ae a Le 


DEFINITION OF FUNCTIONAL TERMS FUNCTION TABLE 


Dj The D flip-flop data inputs. 
E Enable. When the enable is LOW, data on the Dj inputs is | inputs | Outputs 


transferred to the Qj outputs on the LOW-to-HIGH clock | Di | 


transition. When the enable is HIGH, the Q; outputs do not 
change regardless of the data or clock input transitions. NC NC 
CP Clock Pulse for the register. Enters data on the LOW-to- NC NC 
HIGH transition. 
Q; The TRUE register outputs. iy L 


Q; The complement register outputs 


H = HIGH NC = No Change 
L =LOW xX =Don't Care 
t = LOW-to-HIGH Transition 

Q; on Am25LS08 Only 


LOW-POWER SCHOTTKY INPUT/OUTPUT 
CURRENT INTERFACE CONDITIONS 


DRIVING OUTPUT DRIVEN INPUT 


Note: Actual current flow direction shown. 
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Am25LS07 e Am25LS08 


APPLICATION 


WORD 1 


Am25LS807 


DATA BUS 


WORD 2 


Am25LS07 


SELECT 


Am25LS8139 


ENABLE © 


WORD 3 


Am25LS07 


WORD 4 


Am25LS07 


O) 


Selective Register Loading of Data on Synchronous Clock. 


Metallization and Pad Layout 


Am25LS07 Am25LS08 


DIE SIZE 0.075" X 0.084" DIE SIZE 0.075" X 0.061" 
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Am25LS09 


Quad Two-!Input, High-Speed Register 


DISTINCTIVE CHARACTERISTICS 


4-bit register accepts data from one-of-two 4-bit input fields 


Edge triggered clock action 

Second sourced by T.1. as 54LS/74LS399 

Am25LS d.c. parameters including: 

— VoL = 0.45V at Io_ = 8mA 

— Fan-out over military range = 22 

— 440A source current 

100% product assurance screening to MIL-STD-883 
requirements 


CONNECTION DIAGRAM 
Top View 


Vec ©3 D3a 03B D2g D2~a 


Note: Pin 1 is marked for orientation. 


FUNCTIONAL DESCRIPTION 


The Am25LSO09 is a dual port four-bit register using ad- 
vanced Low Power Schottky technology to reduce the 
effect of transistor storage time. The register consists of 
four D flip-flops with a buffered common clock, and a two- 
input multiplexer at the input of each flip-flop. A common 
select line, S, controls the four multiplexers. Data on the 
four inputs selected by the S line is stored in the four flip- 
flops at the clock LOW-to-HIGH transition. When the S in- 
put is LOW, the Dja input data will be stored in the register. 
When the S input is HIGH, the D;g input data will be 
stored in the register. 


LOGIC DIAGRAM 
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LOGIC SYMBOL 


Dona Dog 214 DO1pB D2a Dag 93a D3p 
Am25tLS09 


Q2 


7 10 


Vcc = Pin 16 
GND = Pin8 


Am25LS09 
ELECTRICAL CHARACTERISTICS 
The Following Conditions Apply Unless Otherwise Specified: 


COM’L Tp =0°C to +70°C Vcc = 5.0V + 5% (MIN. =4.75V. MAX, = 5.25V) 
MIL Ta = 58°C to +125°C = Vee = 5.0V 210%  (MIN.=4.50V MAX. = 5.50V) 


DC CHARACTERISTICS OVER OPERATING RANGE 


Typ. 
Parameters Description Test Conditions (Note 1) Min. (Note 2) Max. Units 


Vec = MIN., lo =—440uA | COM’L 27 
VOH Output HIGH Voltage cc OH ye 
VOL Output LOW Voltage CC OL 
VIN = Vin oF VIL loy =8mA 
Input HIGH Level 
Input LOW Level 
Vi 


Input Clamp Voltage 


Volts 


Volts 


Ww] Ww 
h| > 


Guaranteed input, logical HIGH 
voltage for all inputs 


s 
fo) 


Volts 


Guaranteed input logical LOW 


: Volts 
voltage for all inputs 


Vcc =MIN., linyy = —18mMA 


COM’L 


Clock, S 


‘Clock, S 


Others 


Oo 
N 


Volts 


—0.36 
—0.24 


Input LOW Current Vcc = MAX., Vin = 0.4V 


> 


m 


Input HIGH Current Vcc = MAX., Vin = 2.7V 


Input HIGH Current Voc = MAX., Vin = 7.0V 


= 


Output Short Circuit Current 


(Note 3) Vee Mie 


Power Supply Current Vcc = MAX. (Note 4) 


ze 
I 


a 
| 
ee) 
o 
3 
> 


p 
> 


Notes: 1. For conditions shown as MIN. or MAX. use the appropriate value specified under Electrical Characteristics for the applicable device type. 
2. Typical limits are at Vcc = 5.0V, 25°C ambient and maximum loading. 
3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 
4. Measured with Select and Clock inputs at 4.5V; all data inputs at OV; all outputs open. 


MAXIMUM RATINGS (Above which the useful life may be impaired) 


ada thea tt ke SOTO eae 
Storage Temperature —65°C to +150°C 
Temperature (Ambient) Under Bias —55°C to +125°C 
Supply Voltage to Ground Potential (Pin 16 to Pin 8) Continuous —0.5 V to +7.0 V 
DC Voltage Applied to Outputs for High Output State — a —0.5V to +Vcc max. 
DC Input Voltage —0.5 V to +7.0 V 
DC Output Current, Into Outputs 7 _ 30mA 
DC Input Current —30 mA to +5.0mA 


SWITCHING CHARACTERISTICS 
(Ta = +25 C, Vcc = 5.0V) 


Parameters Description Min Typ. Max. Units Test Conditions 


win d[Sekwoonige 
r 
Seles inpur Seep Time [80 
Tt SetectinputHold Time | 

fax (Nove A 


Note 1. Per industry convention, fma x is the worst case value of the maximum device operating frequency with no constraints on try, tf, 
pulse width or duty cycle. 
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Am25LS09 


SWITCHING CHARACTERISTICS 
OVER OPERATING RANGE* 


Am25LS COM’L 


Am25LS MIL 


Ta = —55°C to +125°C 
Vcc = 5.0V +10% 


Ta = 0°C to +70°C 
Voc = 5.0V +5% 
Parameters Description Min. Max. 


tPLH Clock to Q HIGH | ae ia ae 
“PH 
Select eee Set-up Time 


Clock to Q LOW 


Units Test Conditions 


Clock Pulse Width 
Select Input Hold Time 
)| Maximum Clock Frequency 


Data Set-up Time 
*AC performance over the operating temperature range is guaranteed by testing defined in Group A, Subgroup 9. 


DEFINITION OF FUNCTIONAL TERMS FUNCTION TABLE 
Dov, D1A,D2A,03A The “A” word into the two-input 
multiplexer of the D flip-flops. 


Dop, Dip, Dap, D3R The “B’ word into the two-input 
multiplexer of the D flip-flops. 


Qo, Q1, Q2, Q3 ~The outputs of the four D-type flip-flops of 
the register. 


S Select. When the select is LOW, the A word is applied to 
the D inputs of the flip-flops. When the select is HIGH the B 
word is applied to the D inputs of the flip-flops. 


: H = HIGH Voltage Level = LOW Voltage Level 
CP Clock Pulse. Clock pulse for the register. Enters data on X = Don't Care ; =0,1,2,0r3 


the LOW-to-HIGH transition of the clock line. = LOW-to-HIGH Transition 


Am25LS ¢ Am54LS/74LS 
LOW-POWER SCHOTTKY INPUT/OUTPUT 
CURRENT INTERFACE CONDITIONS 


DRIVING OUTPUT DRIVEN INPUT 


Note: Actual current flow direction shown. 
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APPLICATIONS 


Am2802 
256 x 4 DYNAMIC 
SHIFT REGISTER 


Am25LS09 
Am25LS09 


CLOCK 
LOAD/RECIRCULATE 
STATIC TEST/OPERATE 


Am25LS09 


Am25LS09 used in 258 x 4 memory system with load/recirculate control, and 1 x 4 static test capability for the system. MOS interface is one 
load at each end. This circuit is especially useful in digital filtering where special algorithms require a static single step operation for testing 


purposes, 


Si 
Am25LS09 
CPt 


Qy Q2 


$2 


Am25LS09 
CP2 


QQ 


$3 


CP3 


WORD 3 


Am25LS09 used to store a ward from either data bus A or data bus B. 


Metallization and Pad Layout 


DIE SIZE 0.075" X 0.061” 
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Am25LS14 


8-Bit Serial/Paraliel Twos Complement Multiplier 


DISTINCTIVE CHARACTERISTICS 


@ Two’s complement multiplication without correction 
@ Magnitude only multiplication 

®@ Cascadable for any number of bits 

@ 8-bit parallel! multiplicand data input 


The Am25L$14 is an 8-bit by 1-bit sequential logic element 
that performs digital multiplication of two numbers repre- 
sented in two’s complement form to produce a two’s comple- 
ment product without correction by using Booth’s algorithm 
internally. The device accepts an 8-bit multiplicand (X input) 
and stores this data in eight internal latches. The X latches are 
controlled via the clear input. When the clear input js LOW, all 
internal flip-flops are cleared and the X latches are opened to 
accept new multiplicand data. When the clear input is HIGH, 
the latches are closed and are insensitive to X input changes. 


The multiplier word data is passed by the Y input in a serial 
bit stream — least significant bit first. The product is clocked 
out the S output least significant bit first. 


CONNECTION DIAGRAM 
Top View 


Note: Pin 1 is marked for orientation. 


FUNCTIONAL DESCRIPTION 


LOGIC DIAGRAM 


@ 25MHz minimum clock frequency 

@ Second sourced by T./. as the SN54LS/74LS384 

® 100% product assurance screening to MIL-STD-883 
requirements 


The multiplication of an m-bit multiplicand by an n-bit multi- 
plier results in an m +n bit product. The Am25LS14 must be 
clocked for m + n clock cycles to produce this two’s comple- 
ment product. Likewise, the n-bit multiplier (Y-input) sign bit 
data must be extended for the remaining m-bits to complete 
the multiplication cycle. 


The device also contains a K input so that devices can be cas- 
caded for longer length X words. The sum (S) output of one 
device is connected to the K input of the succeeding device 
when cascading. Likewise, a mode input (M) is used to indicate 
which device contains the most significant bit. The mode input 
is wired HIGH or LOW depending on the position of the 8-bit 
slice in the total X word length. 


LOGIC SYMBOL 


11.12 13 14 2 


Xz Xe Xe Xqg Xq X_ Xq X 
olciR 7 “8 5 %4 “3 *2 “1 “0 


Am25LS14 


6 


Vec = Pin 16 
GND =Pin8 


Am25LS14 
ELECTRICAL CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (Unless Otherwise Noted) 


Am25LS14XC Ta = 0°C to +70°C Vec = 5.0V 45% (COM’L) MIN. = 4.75V MAX. = 5.25V 
Am25LS14XM Ta = —55°C to +125°C Voc = 5.0V +10% (MIL) MIN, = 4.5V MAX, = 5.5V 

“ti as Typ. 
Parameters Description Test Conditions (Note 1) Min. (Note 2) Max. Units 


Vcc = MIN., IoH = —1.0mA 


Volts 
Vin = Vin or Vie 


Output HIGH Voltage 


= 
im 
Ni N 
“oT OT 


Vcc = MIN. 
Vin = Vin or Vie 


Output LOW Voltage Volts 


e) 
a 
N 
= 
> 


Guaranteed input logical HIGH 
voltage for all inputs 


Input HIGH Level Volts 


a i 
> 


Guaranteed input logical LOW 
voltage for all inputs 


Input Clamp Voltage Vec = MIN., lin = —18mMA 


Input LOW Level Volts 


Volts 


—0.48 


x 
\| = 


A 
° 
i 
D 


—1.2 
Ne Input LOW Current Vcc = MAX., Vin = 0.4V 


w 
N) 


it 


= 
| = 


A 
2) 
[~ 
Be) 


ly Input HIGH Current Vcc = MAX., Vin = 2.7V 


Y 


Ra Input HIGH Current Vcc = MAX., Vin = 5.5V 


Output Short Circuit Current 
(Note 3) 


Icc Power Supply Current Vcc = MAX. 


Notes: 1. For conditions shown as MIN. or MAX., use the appropriate vaiue specified under Electrical Characteristics for the applicable device type. 
2. Typical limits are at Vcc = 5.0V, 25°C ambient and maximum loading. 
3. Duration of the short circuit test should not exceed-one second. 


t 
°5 
= 
> 


i 
3 


Isc Vcc = MAX. 


un 
ol 
3 
> |> 


ico) 
o 
> 


MAXIMUM RATINGS (Above which the useful life may be impaired) 


Storage Temperature —65°C to +150°C 
Temperature (Ambient) Under Bias —55°C to +125 C 
Supply Voltage to Ground Potential (Pin 16 to Pin 8) Continuous —0.5V to +7.0V 
DC Voltage Applied to Outputs for High Output State —0.5V to +Vcc max. 
DC Input Voltage —0.5V to +5.5V 
Output Current, Into Outputs 30mA 
DC Input Current . —30mA to +5.0mA 
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Am25LS$14 


SWITCHING CHARACTERISTICS 
(Ta = +25°C, Vcc = 5.0V) 


Parameters Description Min. Typ. Max. Units Test Conditions 


tPLH . 


Clock to Output 


Note 1. Per industry convention, fma x is the worst case value of the maximum device operating frequency with no constraints on t,, tf, 
pulse width or duty cycle. 


SWITCHING CHARACTERISTICS 
OVER OPERATING RANGE* 


Am25LS COM'L Am25LS MIL 


Ta = —55°C to +125°C 
Vcc = 5.0V + 10% 


Ta =0°C to +70°C 
Vcc = 5.0V + 5% 


Min. Max. Units Test Conditions 


Parameters Description 


t 
Eck eGuns 
tPHL 


38 
Y to Clock 


a ee eee ee ee ees 
K to Clock é 
ae a eee ee ee eee 


(cane 


Clock (HIGH) 
tow 

Clock (LOW) 
ts 


nN 


iee) 
= 
“ 


ns 
Leyes ree 
Clear R Ti 
Har mccovery imc 20 30 
(Inactive State) 
frmax (Note 1) | Maximum Clock Frequency a es Gee 


*AC performance over the operating temperature range is guaranteed by testing defined in Group A, Subgroup 9. 


Am25LS14 


DEFINITION OF FUNCTIONAL TERMS 


Xo, X1, Xo, X3, X4, X5, Xg, X7 The eight data inputs for 
the multiplicand (X) data. 
Y The serial input for the multiplier (Y) data—least signifi- 


INPUT/OUTPUT CURRENT 
INTERFACE CONDITIONS 


DRIVING OUTPUT 


DRIVEN INPUT 


cant bit first. woe NOM A 

= janifi- Y 4kQ 
S The serial output for the product of X « Y—least signifi CLR BKQ 
cant bit first. cP akin 


M 1HkQ 


CP Clock. The buffered common clock input for the serial/ 
parallel multiplier. All functions occur on the LOW-to-HIGH 
transition of the clock. 

CLR Clear. The buffered common clear for all flip-flops 
within the device. When the clear is LOW all flip-flops are 
cleared. Also the buffered X-input latch enable. When the 
clear input is LOW, the X latches will accept new X-input 
data. 

K The sum expansion input to the serial/paralle| multiplier. 
Allows for cascading devices. 

M The mode control input for the most significant bit of 
the multiplier. It is used in conjunction with cascading to 


determine the most significant bit. Note: Actual current flow direction shown. 


FUNCTION TABLE 


FUNCTION 


Most Significant Multiplier Device 


Devices Cascaded in Multiplier String 


Load New Multiplicand and Clear Internal Sum and Carry Registers 


LOW-to-HIGH transition 
CS = Connected to S output of higher order device 
Xj; latches open for new data (i= 0, 7) 


O 
a) 
Ul 


Output as required per Booth’s algorithm 


Metallization and Pad Layout 


= 

Sar eae 

Mia ae 
Fk 


DIE SIZE 0.097" X 0.137" 


Am25LS814 


ORDERING INFORMATION 


Package Temperature Order 
Type Range Number 


Molded DIP 0°C to +70°C AM25LS14PC 


Hermetic DIP 0°C to +70°C AM25LS14DC 
Dice 0°C to +70°C AM25LS14XC 
Hermetic DIP —55°C to +125°C AM25LS14DM 
Hermetic Flat Pak —55°Cto+125°C AM25LS14FM 
Dice —55°C to+125°C AM25LS14XM 


APPLICATIONS 


See also Digital Signal Processing Applications Section for more information. 


24-BIT MULTIPLICAND 


A23 422 421420 419 418 417 A16 Ars 414 A13 412 411 410 Ag Ag A7 Ag As Aq A3 Ag Ay Ag 


Y X7 Xg X5 Xq Xq XQ Xq Xq Y Xz Xg Xs X4 Xz XQ Xq Xo 


Y 


Am25LS14 Am25LS14 Am25LS14 


CLEAR 
CLOCK 
PRODUCT 
SERIAL 
OUTPUT 


Basic 24-Bit Serial/Parallel Connection 


SERIAL/PARALLEL 


CLOCK ENABLE 


Am25LS22 


SIGN EXTEND 8-BIT SHIFT REGISTER 
CLOCK 
OUTPUT CONTROL O} OF 
ee) : 
a d 
ee i eae Bee ae 
ae ee ee: Oe ee 
a iesdpe  s—s eta 8, MULTIPLIER INPUT 
ae ae 
ie : 
i 
CLOCK 
Am25LS14 
K SERIAL/PARALLEL 
MULTIPLIER 
CLEAR 


Ss 


8-Bit by 8-Bit Multiplier, Bus Organized, 
with 8-Bit Truncated Product 
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Am25LS15 


Quad Serial Adder/Subtractor 


DISTINCTIVE CHARACTERISTICS FUNCTIONAL DESCRIPTION 


@ Four independent adder/subtractors The Am25LS15 is a serial two’s complement adder/subtractor 
Use with two’s complement arithmetic designed for use in association with the Am25LS14 serial/ 
Magnitude only addition/subtraction parallel two’s complement multiplier. This device can also be 
Second sourced by T.1. as Am54LS/74LS385 used for magnitude only or one’s complement addition or 
100% product assurance screening to MIL-STD-883 subtraction. 

requirements 


Four independent adder/subtractors are provided with com- 
mon clock and clear inputs. The add function is A plus B and 
the subtract function is A minus B. The clear function sets the 
internal carry function to logic zero in the add mode and to 
logic one in subtract mode. This least significant carry is self 
propagating in the subtract mode as long as zeroes are applied 
to the A and B inputs at the LSB’s. All internal flip-flops 
change state on the LOW-to-HIGH clock transition. 


The Am25LS15 is particularly useful for recursive or non- 
recursive digital filtering or butterfly networks in Fast Fourier 
Transforms. 


LOGIC DIAGRAM 
(One of Four Similar Functions) 


TO 3 OTHER 
ADDER/SUBTRACTORS 


F, SUM 


Sy 
ADD/ 
SUBTRACT 


TO 3 OTHER 
ADDER/SUBTRACTORS 


CONNECTION DIAGRAM LOGIC SYMBOL 
Top View 


7 8 15 14 13 16 17 18 
Voc Fa 
rae A, By S$; Ag By Sp Az Bg $3 Ag By Sy 


CLOCK 
Am25LS15 


QUAD ADDER/SUBTRACTOR 
Am25LS15 


Vcc = Pin 20 
Note: Pin 1 is marked for orientation. GND = Pin 10 


Am25L$15 


ELECTRICAL CHARACTERISTICS 
The Following Conditions Apply Unless Otherwise Specified: 


COM’L Ta =0°C to +70°C Voc = 5.0V + 5% (MIN. =4.75V MAX. = 5.25V) 
MIL Ta =—58°C to+125°C = Vee = 5.0V+10% (MIN. =4,.50V MAX. =5.50V) 


DC CHARACTERISTICS OVER OPERATING RANGE Typ. 


Parameters Description Test Conditions (Note 1) Min. (Note 2) Max. Units 


Voc = MIN., Ion = 440A : 
Output HIGH Voltage CC” OH . 
VIN = Vin oF Vie COM’L ; 
Vcc = MIN. lo. = 4.0mMA 
Output LOW Voltage Vin= vier Vie lol = 8.0mA 
Guaranteed input logical HIGH 
voltage for all inputs 


VOH 
VOL 
Guaranteed input logical LOW 
VIL Input LOW Level voltage for all inputs COM'L 
vi 
Ne 
NH 
Isc 
icc 


Volts 


Volts 


Input HIGH Level 


N 
fom) 


t N |} 
SJ 


VIH Volts 


Volts 


Volts 


—0.36 m 


Input LOW Current Voc = MAX., Vin = 0.4V 
Input HIGH Current Vcc = MAX., Vin = 2.7V 


Input HIGH Current Vcc = MAX., Vin = 7.0V 


Output Short Circuit Current Vcc = MAX. —15 
(Note 3) 

Power Supply Current Vec = MAX. 

(Note 4) 


Notes: 1. For conditions shown as Min. or Max., use the appropriate value specified under Electrical Characteristics for the applicable device type. 
. Typical limits are at Voc = 5.0V, 25°C ambient and maximum loading. 

. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second, 

. All inputs HIGH, measured after a LOW-to-HIGH clock transition. 


N 
Oo 
<1 
> 


3 


Oo 
~w 


Pv | Input Clamp Voltage Vcc = MIN., iy = -18MA 


3 


Ba 
> > 


~ 
Oo 


BROWN 


MAXIMUM RATINGS (Above which the useful life may be impaired) 


Storage Temperature —65°C to +150°C 
Temperature (Ambient) Under Bias —55°C to +125°C 
Supply Voltage to Ground Potential Continuous —0.5V to +7.0V 
DC Voltage Applied to Outputs for HIGH Output State —0.5V to +Vcc max 
DC Input Voltage —0.5V to +7.0V 
DC Output Current, Into Outputs 30mA 


DC Input Current —30mA to +5.0mA 


SWITCHING CHARACTERISTICS 
(Ta = +25°C, Vcc = 5.0V) 
Parameters Description Min. Typ. Max. Units Test Conditions 


Clear Hold Time 


HIGH 
Clock 
LOW 


Clear LOW 


Note 1. Per industry convention, fray is the worst case value of the maximum device operating frequency with no constraints on the tote 
pulse width or duty cycle. 
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SWITCHING CHARACTERISTICS 
OVER OPERATING RANGE* 


Am25LS COM’L Am25LS MIL 


Ta = 0°C to +70°C Ta = —55°C to +125°C 
Vcc = 5.0V +5% Vcc = 5.0V +10% 


Units Test Conditions 


Parameters Description : : : ‘ 
eee Oe i 
Clock to Output 


17 

ae Lee! 
Pe caste 
Pete 


th 
Clear Recovery 
Clear Hold Time 


HIGH 26 

a ee |<, 

tw [see Eton} 
Clear LOW 

Maximum Clock Frequency 


* AC performance over the operating temperature range is guaranteed by testing defined in Group A, Subgroup 9. 


DEFINITION OF FUNCTIONAL TERMS 


CP Clock The clock input for the device. All internal 
flip-flops change state on the LOW-to-HIGH 
transition. 

When the clear input is LOW, the four 
independent adder/subtractors are asynchro- 


nously reset. The sum flip-flop is always set 


The “A” input into each adder/subtractor 
The ‘’B”’ input into each adder/subtractor 


The add subtract control for each adder/ 
subtractor. When S is LOW, the F function 
is A+B. When S is HIGH, the F function 


CLR Clear 


is A—B. 
The four independent serial outputs of the 
adder/subtractor. 


FUNCTION TABLE 


to logic ‘‘0’’. The carry flip-flop is set to 
logic ‘’0’’ in the add mode and logic ‘1"' in 
the subtract mode. 


Am25LS ¢ Am54LS/74LS 


LOW-POWER SCHOTTKY INPUT/OUTPUT 
CURRENT INTERFACE CONDITIONS 


Internal 
External Inputs Point Output 


DRIVING OUTPUT DRIVEN INPUT 


ae OF te SE oS 


Xx 

L 

t H L bedi k 
1 H L Ly ok 
t H L L | H 
i; H L L | H 
‘i H L H} L 
t H L Hy] -L 
t H L Hj} H 
i H L H | H 


H 
L 
H 
L 
H 
L 
H 
L 
H 
L 
H 
L 
H 
L 


To ree 
Lilr oer st 


ae Fe a So SE 


Subtract 


Cc = Data In the Carry Flip-Flop Before the Clock Transition 
Data In the Carry Flip-Fiop After the Clock 
Don’t Care 
= No Change 
HIGH 
LOW 
LOW-to-HIGH Transition 


ee ee ee a 
ae HE, dl a Ee. 
ae AG SE “aE I a oa. 2 
XZ tTrerertarer 


ai 
- 


Note: Actual current flow direction shown. 


Am25LS15 


APPLICATIONS 


The normal butterfly network associated with the Cooley- 
Tukey Fast Fourier Transform (FFT) algorithm is shown 
below. Here we assume A, B, C, D and W are all complex 
numbers such that: 


A= ArgtjA, 
B= BrtiB, 
W= WrtjW, 


The outputs C and D are also complex numbers and are 
evaluated as: 


C = CrytjC;=(AR +BRWr —B W,)+j(A; +BRW,+ByWe) 
D = Cat+jD,)=(Ag —BRWRtB,W,)+j (A; -BRW,—B\WrpR) 


The four multiplications can be implemented using four 
Am25LS14 serial-parallel multipliers (the appropriate number 
of bits must, of course, be used). The additions and the 
subtractions are implemented using the Am25LS15 quad serial 
adder/subtractors. This diagram depicts only the basic data 
flow; binary weighting of the numbers, rounding, truncation, 
etc. must be handled as required by the individual design 
parameters. 


Also see Digital Signal Processing Applications section for 
more information. 


FAST FOURIER TRANSFORM (FFT) BUTTERFLY 


Am25LS22 Y 


B 
R SAITEEG Am25LS14 


AR IN Am25LS22. Og 


By IN 


Am25LS22 Qo 


IN Am25LS22 Qo 


x 
Xx 
Y Am25LS14 iS) 
| peel | 


; : 1/4 Am25LS15 
Y — Am25LS14— SS. By See C 
| La 
e A 
X B A 
Ay Y  am25LS14—sé*SS 1/4 Am25LS15 E g  V4Am25LS15 D, 


1/4 Am25LS15 


1/4 Am25LS15 Cr 


(A — B) c B (A +B) 
B A 
¥ A 
3 V4 Am25LS15 


(A — B) 


Dr 


{A — B) 


An FFT butterfly connection for complex arithmetic inputs and outputs. 


Functional Diagram 
for FFT Butterfly Connection 


Metallization and Pad Layout 


DIE SIZE 0.095” X 0.095” 


Am25LS22 


8-Bit Serial/Parallel Register With Sign Extend 


DISTINCTIVE CHARACTERISTICS FUNCTIONAL DESCRIPTION 


Three-state outputs with multiplexed input The Am25LS822 is an eight-bit serial/parallel register built using ad- 

: . : vanced Low-Power Schottky processing. The device features an eight- 
Multiplexed serial data ‘PEE bit parallel multiplexed input/output port to provide improved bit 
Sign extend function density in a 20-pin package. Data may also be loaded into the device in 
Second sourced by T.!. as AM54LS/74LS322 a serial manner from either input Da or Dg. A serial output, Qo, is 


100% product assurance screening to MIL-STD-883 also provided. 


requirements The Am25LS22 is specifically designed for operation with the 
Am25LS$14 serial/parallel two’s complement multiplier and provides 
the sign extend function required for this device. 


When the Register Enable (RE) input is HIGH, the register will retain 
its current contents. Synchronous parallel loading is accomplished by 
applying a LOW to RE and applying a LOW to the Serial/Parallel (S/P) 
input. This places the three-state outputs in the high-impedance state 
independent of OE and allows data that is applied on the input/output 
lines (DY;) to be clocked into the register. When the S/P input is HIGH, 
the device will shift right. The Sign Extend (SE) input is used to repeat 
the sign in the Q7 flip-flop. This occurs whenever SE is LOW when the 
SHIFT mode is selected. When SE is high, the serial two-input multi- 
plexer is enabled. Thus, either Da or Dp can be selected to load data 
serially. The register changes state on the LOW-to-HIGH transition of 
the clock. A clear input (CLR) is used to asynchronously reset all flip- 
flops when a LOW is applied. 


LOGIC DIAGRAM 


REGISTER 
ENABLE 


SERIAL/ 
PARALLEL 


SIGN 
EXTEND 


: JO IU | OU 
SELECT — 
Dp oO 
yt | 


oy 
=H] leah 


CLR 


CLR g 
CLEAR o——q>o 


CLOCK of! Bye 
THREE 
STATE 0% 


CONTROL 
OE 


CONNECTION DIAGRAM 
Top View 


Dg DY6 DY4 DY2 DYO 


15 «+14 


Am25LS22 


8-BIT SERIAL PARALLEL REGISTER 
Am25L$22 


DYg DY, DY, DY3 DY DY, 
3 


Vec= Pin 20 
Note: Pin 1 is marked for orientation. GND = Pin 10 
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ELECTRICAL CHARACTERISTICS 
The Following Conditions Apply Unless Otherwise Specified: 


COM’L TA = 0°C to +70°C Vcc = 5.0V + 5% (MIN. =4.75V MAX. = 5.25V) 
MIL Ta = —55°C to +125°C Vcc = 5.0V + 10% (MIN. =4.50V MAX. = 5.50V) 
DC CHARACTERISTICS OVER OPERATING RANGE 
Typ. 
Parameters Description Test Conditions (Note 1) (Note 2) Max. Units 


Yi, | DY), OH = —2.6mA | = —2 | DY), OH = —2.6mA | COM’L 
lol =4.0mA 
lot =8.0mA 


Vcc = MIN. 
VIN = Vin or Vie 


Guaranteed input logical HIGH 
voltage for all inputs 


Guaranteed input logical LOW 
voltage for all inputs 


—1.08 


—0.72 
—0.36 


| 
—s 
on 


Vcc = MAX., VIN =2.7V 
(Except DY;) 


Input HIGH Current 


=) 
= 


Vec = MAX., 
(Except DY;) 


Off State (High Impedance) Vo =24V 
Y;) Vcc = MAX. 
Output Current (D Vo =04V 


Output Short Circuit Current 
(Note 3) 


3 


Input HIGH Current 


3 


3 


zr 
> > > > 


nD 
on 


o/|o 
NO | Ww 


Notes: 1. For conditions shown as MIN. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type. 
fo) 6 * 7 
2. Typical limits are at Voc = 5.0V, 25 C ambient and maximum loading. 
3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second, 


MAXIMUM RATINGS (Above which the useful life may be impaired) 


Storage Temperature ; —65°C to +150°C 
Temperature (Ambient) Under Bias —55°C to 125°C 
Supply Voltage to Ground Potential Continuous —0.5V to +7.0V 
DC Voltage Applied to Outputs for HIGH Output State —0.5V to +Vec max. 
DC Input Voltage (OE, S/P, RE, CP, CLR) —0.5V to +7.0V 
DC Input Voltage (Others) —0.5V to +5.5V 


DC Output Current, Into Outputs 30mA 
DC Input Current —30mA to +5.0mMA 
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SWITCHING CHARACTERISTICS (Ta = +25°C, Vcc = 5.0V) 


Parameters Description Min. 


tPLH 
tPHL 
TPHL 
tPLH 


"PHL 
tPHL 


Clock to DY; 
Clear to DY; 
Clock to Qo 


Clear to Qg 


ob 
N 


- 
‘ 


L E to DY; 


“ 
xz 
N 


tLz 


_ NO ens) 
© Ww} 00 
ee) 
7] 
3 
n 


N 
(ev) 
; 
: 


Typ. Max. Units 


Test Conditions 


16.5 


; 
Oo} 
. 
7) 


16.5 Ry = 2.0k2, 


CL = 15pF 


13 21 
18 26 


ns 


“4 


NO 
oO 


No} apa] = 

G | 0} CO} & 
NO} NM 
(>) 


SER/PAR to DY; 


| ot | ne 
IIN IN 
N jm jt 
N 
oO 
Nl 
WwW} 0 
G2} ND} G 


tLz 
RE to Clock 
S to Clock 15 | 
Da and Dp to Clock 15 
DY; (Load) to Clock 15 
ts Clear Recovery to Clock 8.0 Rie = 2.0kQ, 
S/P to Clock Cy = 15pF 


4 ns 


15 
Se 
[wen —id So 
fmexINave | Mexinum Cok Freauenoy | 88 | 60 SS 
Note 1. 


Per industry convention, frygx is the worst case value of the maximum device operating frequency with no constraints on t,, ty, 
pulse width or duty cycle. 


FUNCTION TABLE 


INPUTS OUTPUTS 


cea ese Serial / 


x L L 
Clear 
x Zz 


| Parallel Load | Load 


pe 
| Shift Right 


| Sign Extend Extend ala vee ie Ma a oa aan 


ee eee 


LOW H 


Clock LOW-to-HIGH Transition NC 
Don't Care Zz 


HIGH 

No Change 

High-impedance Output State 

*When the OE input is HIGH, all input/output terminals are at the high-impedance state; sequential operation or clearing of the register is not 
affected. 


D7, Dg. . . Dg = the level of the steady-state input at the respective DY, terminal is loaded into the flip-flop while the flip-flop outputs (except 
Qo) are isolated from the DY, terminal. 


Da, Og = the level of the steady-state inputs to the serial multiplexer input. 


Y7n. Y6n-- - YOn = the level of the respective Q, flip-flop prior to the !ast Clock LOW-to-HIGH transition. 
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SWITCHING CHARACTERISTICS 
OVER OPERATING RANGE* 


Am25LS COM'L Am25LS MIL 


Ta = 0°C to +70°C Ta = —55°C to +125°C 
Vcc = 5.0V +5% Vcc = 5.0V +10% 
Min. Max. Min. Max. 


Parameters Description Units Test Conditions 


t 
Clock to DY; 


t 
Clock to Qo 


ee 
a 
a] 
| 


rts | RE to Clock 30 


S to Clock 24 
: 
z 


fttee os ao S/P to Clock 24 
[te] Any input 


hk 


fh 


W 
oO 
—_ 


-_ | wo = ~ 
oO} o1 ol ~ 
|] ®& Ww} Ww ie) CQ} 


oo 
BS 
> 


Gy) Ol wl co] &] oO] oO Si} oy; BY] A 
OO} o;— oO} © one 


~ NO] 
OO} | C&} & 
BSS 


x 


* AC performance over the operating temperature range is guaranteed by testing defined in Group A, Subgroup 9. 
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DEFINITION OF FUNCTIONAL TERMS 


DY; 


The multiplexed parallel input/output port to the 
device. Data may be parallel loaded into the 


register or data can be read in parallel from the 
register on these pins. These outputs can be forced 
to the high-impedance state, | = O through 7. 


The continuous output from the Qg flip-flop of 
the register. This output is used for serial shifting. 


Register Enable. When RE is LOW, the register 
functions are enabled. When RE is HIGH, the 
register functions (parallel load, shift right and sign 
extend) are inhibited. 


Serial/Parallel. When S/P is LOW, the register can 
be synchronously parallel loaded. This input forces 
the register output buffers to the high-impedance 
state independent of the OE input. When S/P is 
HIGH, the register contents are shifted right on 
the clock LOW-to-HIGH transition. 


Sign Extend. When the SE input is LOW, the 
contents of the Q7 flip-flop will be repeated in 
the Q7 flip-flop as the register is shifted right. 
When SE is HIGH, the two-input multiplexer 
(DA and Dg) is enabled to enter data during the 
serial shift right. The Q7 flip-flop (DY7) is nor- 
mally considered the MSB of the register for 
arithmetic definitions. 


INPUT/OUTPUT 


Am25LS822 


Da, Dp The serial inputs to the device. 


Ss 


Multiplexer Select. When S is LOW, the Dag serial 
input is selected. When S is HIGH, the Dp serial 
input is selected. 


Clear. The asynchronous clear to the register. 
When the clear is LOW, the outputs of the flip- 
flops are set LOW independent of all other inputs. 
When the clear is HIGH, the register will perform 
the selected function. 


Clock. The clock pulse for the register. Register 
operations occur on the LOW-to-HIGH transition 
of the clock pulse. 


Output Control. When the OE input is HIGH, the 
eight DY; outputs are in the high-impedance state. 
When OE is LOW, data in the eight flip-flops will 
be present at the register parallel outputs unless 
S/P is LOW. 


CURRENT INTERFACE CONDITIONS 


Other Pins 


DRIVING OUTPUT DRIVEN INPUT 


Note: Actual current flow direction shown. 


3-24 


Am25LS22 


APPLICATION 


CONTROL 
INPUTS 


Am25LS22 O} CLR Am25LS22 
in op 
ij OE o| oF | 
‘ DY7 DYg DYg DY4 DY3 DYy DY, DYg 
pp 


CLEAR 
ited feet ceo He Uh Eee dec 
- Ceaeeseceeees es (Sr i a ame 


OE 
Y15 Ya Y13 Y12 Y11 Y10 Yo Yg ¥7 Ye Ye Nat Ya. Yor YG Ng 
MSB LSB MSB LSB 
ee 
UPPER BYTE LOWER BYTE 


16-BIT DATA BUS 


Am25L§822 
UPPER BYTE 


Am25LS$22 


LOWER BYTE FUNCTION 


cla [e| coco 


7 clock cycles to 
extend sign 


SYSTEM 
OPERATION 


Load lower byte and 
extend lower byte sign 
to upper byte 


Load upper byte and 
extend upper byte sign 
while shifting value to 
lower byte position 

position 


Two Am25LS22 8-bit registers can be used to perform the sign extend associated with two’s complement 8-bit bytes 
for arithmetic operations in a 16-bit machine. If the upper byte value is to be used, it is shifted to the lower bit posi- 
tions and its sign is extended. If the lower byte value is to be used, it is held in place while the sign is extended down- 
ward from the MSB position of the upper byte. 


8 clock cycles to extend 
upper byte sign and shift 
upper byte into lower byte 


Metallization and Pad Layout 


DIE SIZE 0.096” X 0.112” 
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Am25LS23 


8-Bit Shift/Storage Register with Synchronous Clear 


DISTINCTIVE CHARACTERISTICS FUNCTIONAL DESCRIPTION 


Synchronous clear The Am25LS823 is an 8-bit universal shift/storage register with 
Three-state outputs 3-state outputs. The function is similar to the Am25LS299 
Common input/output pins with the exception of a synchronous clear function. Parallel 
Cascadable shifting load inputs and register outputs are multiplexed to allow the 
Second sourced by T.1. as 54LS/74LS323 use Of a 20-pin package. Separate continuous outputs are also 
100% product assurance screening to MIL-STD-883 provided for flip-flops Qg and Q7. 

requirements 


Four modes of operation are possible — Hold (store), Shift- 
left, Shift-right and. Load Data. The Am25LS23 has a typical 
shift frequency of 50MHz. The Am25LS23 is packaged in a 
standard 20-pin package. 


LOGIC DIAGRAM 


all tell namin 


siti 
Bressarararars 


CONTROLS GC 


a ave 


CONNECTION DIAGRAM 
Top View 


15 «14 


Am25LS23 
8-BIT SHIFT REGISTER 


Am25LS23 
DYg DY, DYy DY3 DY4g DYg DYg DY, 


DYg DY4 DY7 DYg Qg CLR GND 
Vcc = Pin 20 
: Pin 1 is marked for orientation. GND = Pin 10 
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Am25LS23 
ELECTRICAL CHARACTERISTICS The following conditions apply unless otherwise specified: 


COM'L TA= 0°C to +70°C Vcc = 5.0V + 5% (MIN. =4.75V MAX, = 5.25V) 

MIL Ta = —55°C to +125°C Vec =5.0V+10%  (MIN.=4.50V MAX. = 5.50V) 

DC CHARACTERISTICS OVER OPERATING RANGE Typ. 

Parameters Description Test Conditions (Note 1) Min. (Note 2) Max. Units 


MIL : 
Qo, Q7 1OH = —440uA mie | 
COM'L 2.7 


at ee ae 
DYq—DY 


Vcc = MIN. 
VOoH Output HIGH Voltage Vin = Vix or 
VOL 


VOL Vin = ViH or Vib lo, = 8.0mMA 
1H 


at oe | 
Guaranteed input logical HIGH 
Vit Input LOW Level Guaranteed input logical LOW 
voltage for all inputs COM'L 


Input Clamp Voltage Veco =MIN., tin = —18MA 


So, $4 
Me Input LOW Current Vcc = MAX., Vin =0.4V 
All others 
Vcc = MAX., Vin =2.7V So, 
Input HIGH Current cc YIN 2 
(Except DY}) All others 


Vin =7V 


Vcc = MIN. 


Output LOW Voltage Volts 


_ 
o1 
< 
2: 
+ 
n” 


Bi 
> 


1H LA 


loz Off-State (High impedance) 
Output Current 


Output Short Circuit Current 


i?) 
2 
io 2) 
_ 
plo) ol ol olx 
oO mi ol mo] oO 
3 
> 


i: 
—_ 


Vcc = MAX., 
(Except DY;) 


G4 , Go, CLR, CP 


Vin = 5.5V Others 


Vo =0.4V 
V9 =2.4V 


Input HIGH Current 


| 
or 
we 


go 

ol 
. 

> 


Isc Vcc = MAX. 1 
(Note 3) 
Icc Power Supply Current Vcc = MAX. (Note 4) | 60 | mal 


Notes: 1. For conditions shown as MIN. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type. 
2. Typical limits are at Vcc = 5.0V, 25°C ambient and maximum loading. 
3. Not more than one output should be shorted at a time. 
4. |Icc — measured with clock input HIGH and output controls HIGH. 


MAXIMUM RATINGS (Above which the useful life may be impaired) 
Storage Temperature : —65°C to +150°C 


Temperature (Ambient) Under Bias —55°C to+125°C 
Supply Voltage to Ground Potential Continuous —0.5V to +7.0V 
DC Voltage Applied to Outputs for HIGH Output State —0.5V to +Vcc max. 
DC Input Voltage (Sg, $1, G1, G2, CLR, CP) —0.5V to +7.0V 
DC Input Voltage (Others) : —0.5V to +5.5V 
DC Output Current, Into Outputs 30mMA 
DC Input Current —30mA to +5.0mA 


SWITCHING CHARACTERISTICS (Ta = +25°C, Vcc = 5.0V) 
Parameters Description Min. Typ. Max. Units Test Conditions 


Note 1. Per industry convention, fma x is the worst case value of the maximum device operating frequency with no constraints on tr, t¢, 
pulse width or duty cycle. 
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Am25LS23 


SWITCHING CHARACTERISTICS 
OVER OPERATING RANGE* 


Am25LS COM’L Am25LS MIL 


Ta = O°C to +70°C Ta = —55°C to + 125°C 
Voc = 5.0V +5% Vcc = 5.0V +10% 
i Min. Max. 


Parameters Description Units Test Conditions 


t 

Clock to Qy or Q, 
tPHL 
t 

Clock to DY; 


Rte sl S41, Sq Set-up Prior to Clock 
DY; or Sr, S, Set-up Prior to Clock 


Pulse Width (Clock) 


| te Clear to Clock 
tLz 
tyz 


$4, So, Gi, Go to DY; 


$1, So, Gi, Go to DY; 
ra ee 
[fas | ~ Wanimum Coo Feaueny Noe ee 


*AC performance over the operating temperature range is guaranteed by testing defined in Group A, Subgroup 9. 


tz. 


DEFINITION OF FUNCTIONAL TERMS 


Shift right data input to Q7 So, $1 Mode selection control lines used to control 
input (output during load) conditions 
G1, G2 Active LOW input to control three-state output 


Active LOW synchronous input forcing the Qo | ngewe tow ane eontiguration 
through Q7 register to see LOW conditions, Q9, Q7 The only two direct outputs; used to cascade 
visable only if outputs are enabled shift operations 

DYg—DY7 __ Input/Output line dependent on mode and out- 
A LOW-to-HIGH transition will result in the put control. Input only with mode select 
register changing state to next state as described LOAD. Output in all other modes but subject 
by mode and input data condition to output select (Gy , G92). 


Shift left data input to Qg 


TRUTH TABLE 


INPUTS 
FUNCTION 
CLOCK DY, DY5 DYg DY7 


X Xx X 
Output x |x 
Contro! 

4 X 
Hold 


Load (Note 2) 
Shift Right 
Shift Right 
Shift Left 
Shift Left 


L = LOW Z = High Impedance t = Transition LOW-to-HIGH Notes: 1. Either LOW to observe outputs. 
H = HIGH xX = Don‘t Care NC = No Change 2. In this mode DY; are inputs. 
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Am25LS23 


SERIAL 
OUTPUT 
LEFT 


CLEAR 


CLOCK 


OUTPUT 
CONTROL 


MODE 
CONTROL 


INPUT/OUTPUT 


CURRENT INTERFACE CONDITIONS 


DRIVING OUTPUT 


Note: Actua! current flow direction shown. 


APPLICATION 


INPUT/OUTPUT DATA 


DYg DY, DYz DY3 DY4, DYg DYg DY; 
s 
L 


Am25LS23 
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DYg DY, 


Other Pins 


DRIVEN INPUT 


DY, DY3 DY, DYsg DYg DY7 


Am25LS23 


DIE SIZE 
0.096" X 0.112” 


SL 


SERIAL 
OUTPUT 
RIGHT 


Am25LS138 ¢ Am54LS/74LS138 


3-Line To 8-Line Decoder/Demultiplexer 


DISTINCTIVE CHARACTERISTICS LOGIC DIAGRAM 


@ Inverting and non-inverting enable inputs 
@ Am25LS devices offer the following improvements over 


Am54/74LS 
— Higher speed 
— 5OmV lower VoL <1 —— set 
— Twice the fan-out over military range Ee 
— 440uA source current on qT) a sale 
@ 100% product assurance screening to MIL-STD-883 O - 
requirements | as peti 
G28 ae ee ee 


| | ¢—+—+ 4 O— Y3 
ee Se AT 


e* 
Le! i ==D aa 
FUNCTIONAL DESCRIPTION A [>o o> fees 

ae aS O Y5 


aun ED enc 


The Am25LS138 is a 3-line to 8-line decoder/demultiplexer 
fabricated using advanced Low-Power Schottky technology. 
The decoder has three buffered select inputs A, B and C 
that are decoded to one of eight Y outputs. 


One active-HIGH and two active-LOW enables can be used 
for gating the decoder or can be used with incoming data 
for demultiplexing applications. When the enable input 
function is in the disable state, all eight Y outputs are HIGH 
regardless of the A, B and C select inputs. 


The Am54LS/74LS138 is a standard performance version 
of the Am25LS138. See appropriate electrical characteristic 
tables for detatled Am25LS improvements. 


CONNECTION DIAGRAM 
Top View 


LOGIC SYMBOL 


Vcc = Pin 16 
GND =Pin8 


Note: Pin 1 is marked for orientation. 
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Am25LS/54LS/74LS138 


ELECTRICAL CHARACTERISTICS Am25LS138 
The Following Conditions Apply Unless Otherwise Specified: 


COM’L Ta =0°C to +70°C Vec = 5.0V + 5% (MIN. =4.75V MAX. = 5.25V) 

MIL Ta = —55°C to +125°C Vcc = 5.0V + 10% (MIN. =4.50V MAX. = 5.50V) 

DC CHARACTERISTICS OVER OPERATING RANGE Typ 

Parameters Description Test Conditions (Note 1) Min. (Note 2) Max. Units 


Output HIGH Voltage 
[eu Ice vorame Vin = Vin oF VIL 


Output LOW Voltage ce OL 045 Volts 


Guaranteed input logical HIGH 
voltage for all inputs 


Guaranteed input logical Low[ Mik, [| TT 
VIL Input LOW Level | i Volts 
voltage forall inputs com || Sid Ct 


Vcc = MAX., Vin = 2.7V 


VIH Input HIGH Level 


Input HIGH Current 


Output Short Circuit Current 
(Note 3) 


Power Supply Current 


Vcc = MAX. (Note 4) 


ELECTRICAL CHARACTERISTICS Am54LS/74LS138 
The Following Conditions Apply Unless Otherwise Specified: 


COM'L Ty =0°Cto+70°C Vcc = 5.0V + 5% (MIN. =4.75V MAX. = 5.25V) 

MIL Ta = —55°C to +125°C Vcc = 5.0V + 10% (MIN. =4.50V MAX, = 5.50V) 

DC CHARACTERISTICS OVER OPERATING RANGE Typ 

Parameters Description Test Conditions (Note 1) Min. (Note 2) Max. Units 


Guaranteed input logical HIGH 
Input HIGH Level . 
voltage for all inputs 
Guaranteed input logical LOW; MIL 
| 
inpoe ROM reve voltage for all inputs COM'L 


Input Clamp Voltage 


Output Short Circuit Current 
(Note 3) 


Notes: 1. For conditions shown as MIN. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type. 
2. Typical limits are at Vcc = 5.0 V, 25°C ambient and maximum loading. 

3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 

4. Outputs enabled and open. 


MAXIMUM RATINGS (Above which the useful life may be impaired) 


Storage Temperature —65°C to +150°C 
Temperature (Ambient) Under Bias —55°C to +125°C 
Supply Voltage to Ground Potential (Pin 16 to Pin 8) Continuous —0.5V to +7.0V 
DC Voltage Applied to Outputs for HIGH Output State —0.5V to +VCC max. 
DC Input Voltage —0.5V to +7.0V 
DC Output Current, Into Outputs 30mMA 
DC Input Current —30mA to +5.0mA 


es a a == eS 
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Am25LS/54LS/74LS138 


SWITCHING CHARACTERISTICS 
(Ta =+25°C, Vcc = 5.0V) 


Am54LS/74LS 


Parameters Description Max. Units Test Conditions 


tPHL 
tPLH Three Level Delay 


Select to Output 
G2A or G28 a a ae ia OE ae es 


t 
oe 


Am25LS ONLY 
SWITCHING CHARACTERISTICS 
OVER OPERATING RANGE* 


Two Level Delay 
Select to Output 


Am25LS COM’L Am25LS MIL 


Ta = 0°C to +70°C Ta = —55°C to +125°C 
Vcc = 5.0V +5% Vcc = 5.0V +10% 


Units Test Conditions 


Parameters Description 
Two Level Delay 
Select to Output 


Select to Output Pe ee ae 


GBA oF G28 
t 
oa 


*AC performance over the operating temperature range is guaranteed by testing defined in Group A, Subgroup 9. 


DEFINITION OF FUNCTIONAL TERMS 


A,B,C Select. The three select inputs to the decoder. G2A, G2B_ The active-LOW enable input. A HIGH on 
G1 The active-H1GH enable input. A LOW on the G1 in- either the G2A or G2B input forces all Y outputs HIGH 


put forces all Y outputs HIGH regardless of any other regardless of any other inputs. 
inputs. Yo, Y1, Y2, Y3, Ya, Y5, Yg, Y7_ The eight decoder outputs. 


Am25LS @ Am54LS/74LS FUNCTION TABLE 
LOW POWER SCHOTTKY INPUT/OUTPUT 
CURRENT INTERFACE CONDITIONS 


Inputs 
DRIVING OUTPUT DRIVEN INPUT 


Y3 Ya Ys Y6 Y?7 


L Xx 
X H 
Xx X 
H L 
H L 
H L 
H Li 
H L 
H L 
H i: 
H L 


- - - Cr TF Oo Oo Or oO cK Xx 
It ri rtcreeereere cK K x 
rrr ret tree kKk kK x 
pe ee ee Ene SN ce EE cos Ga 
ak oD. 3a. i Es a SE EE 
i. i. 4B. SE Se SE, Se Es EE 
ole vo: ~ Ss Sy SS ORS SE ES SE 1 SEs SE 
[ie aos (Se. 23 WEE ce SEE Es SE SEE 
ED. De I SE Sa SE ee 
Se as NTS i) oi Sa ee EE 
SE Es a SEE | Ey eS | ee 
os a I EB FG a. ESE os 


Note: Actual current flow direction shown. H = HIGH L= LOW X = Don't care 
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Am25LS/54LS/74LS138 


APPLICATION 


So 
14 
8} 13 
So 12 
SELECT 
1 
10 
g 
33 
8 
DECODE 
DATA OUTPUT 
7 
6 
5 
4 
3 
2 
DATA 
4 
0) 
H = HIGH 


ONE-OF-SIXTEEN DEMULTIPLEXER 


Metallization and Pad Layout 


Voc 


DIE SIZE 0.065" X 0.065” 
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Am25LS139 ¢ Am54LS/74LS139 


Dual 2-Line To 4-Line Decoder/Demultiplexer 


DISTINCTIVE CHARACTERISTICS FUNCTIONAL DESCRIPTION 


@ Two independent decoders/demultiplexers The Am25LS139 is a dual 2-line to 4-line decoder/demulti- 
@ Am25LS devices offer the following improvements over plexer unit fabricated using advanced Low-Power 
Am54/74LS Schottky technology. Each decoder has two buffered 
— Higher speed select inputs A and B which are decoded to one of four Y 
— 5OmV lower VoL outputs. 
— Twice the fan-out over military range 


An active LOW enable can be used for gating or can be 
— 44QuA source current 


used as a data input for demultiplexing applications. 


100% product assurance screening to MIL-STD -883 When the enable is HIGH, all four Y outputs are HIGH, re- 
gardiess of the A and B inputs. 


requirements 


The Am54LS/74LS139 is a standard performance version 
of the Am25LS139. See appropriate electrical characteris- 
tic tables for detailed Am25LS improvements. 


LOGIC DIAGRAM 
(One Decoder Shown) 


CONNECTION DIAGRAM LOGIC SYMBOL 
Top View 


Vcc = Pin 16 


Note: Pin 1 is marked for orientation. GND = Pin 8 
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Am25LS/54LS/74LS139 


Am25LS$139 


ELECTRICAL CHARACTERISTICS 
The Following Conditions Apply Unless Otherwise Specified: 


COM'L TA= 0°C to +70°C Vcc = 5.0V + 5% (MIN. =4.75V MAX. = 5.25V) 
MIL Ta = —55°C to +125°C Vcc = 5.0V + 10% (MIN. =4.50V MAX. = 5.50V) 
DC CHARACTERISTICS OVER OPERATING RANGE 
Typ. 
Parameters Description Test Conditions (Note 1) Min. (Note 2) Max. Units 


24 3.4 


Vcc = MIN., Ion = —440uA MIL 
VOH Output HIGH Voltage cc OH 
VIN = Viv or VIL COM'L 
Vcc = MIN. lot = 4mA 
Vv Output LOW Volt ' 
Vin=ViHor Vit | toy =8mA 
Guaranteed input logical HIGH 
cues voltage for all inputs 


| N ad 
on os) o 


Ww 
p 

-_ 

on 

< 

o 

nd 

“na 


plel|e fe 
a. he 
a 
2 
> 


MIL 
COM’'L 


< 
o 
+ 
“a 


j=) 
~w 
C 
ie) 
> 
a 


Guaranteed input logical LOW 
Input LOW Level voltage for all inputs 


Input Clamp Voltage Vcc = MIN., tiny = —18MA 


Input LOW Current: Vcc = MAX., Vin = 0.4V 


N 
o) 
‘= 

> 


Output Short Circuit Current 
(Note 3) 


Power Supply Current 


Notes: 1. For conditions shown as MIN. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type. 
2. Typical limits are at Vcc = 5.0V, 25°C ambient and maximum loading. 
3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 
4. Icc is measured with all outputs enabled and open. 


3 
> 


Vcc = MAX. 


E 
> 


Voc = MAX. (Note 4) 


MAXIMUM RATINGS (Above which the useful life may be impaired) 


Storage Temperature —65°C to +150°C 
Temperature (Ambient) Under Bias —55°C to +125°C 
Supply Voltage to Ground Potential (Pin 16 to Pin 8) Continuous —0.5V to +7.0V 
DC Voltage Applied to Outputs for HIGH Output State ~—0.5V to +Vece max. 
DC Input Voltage —0.5V to +7.0V 
DC Output Current, Into Outputs 30 mA 
DC Input Current —30 mA to +5.0 mA 
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Am25LS/54LS/74LS139 


Am54LS/74LS139 
ELECTRICAL CHARACTERISTICS 
The Following Conditions Apply Unless Otherwise Specified: 


COM'L TA = 0°C to +70°C Vcc = 5.0V + 5% (MIN. =4.75V MAX. = 5.25V) 
MIL TA= —55°C to +125°C Vcc = 5.0V + 10% (MIN. =4.50V MAX. = 5.50V) 
DC CHARACTERISTICS OVER OPERATING RANGE 
Typ. 
Parameters Description Test Conditions (Note 1) (Note 2) Max. Units 


Min. 
Output HIGH Voltage vec = MIN 10H nOOuES Mit Volts 


Veo = MIN., ators ama | | 
Vin = Vin or Vit TALS only, lo, = 8mA a a 


Guaranteed input logical HIGH 20 Volts 
voltage for all inputs 


0.7 


Guaranteed input logical LOW MIL 
: Volts 


i 
| mf | 
ona 
—100 mA 


ne I 


1. For conditions shown as MIN. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type. 
2. Typical limits are at Voc = 5.0V, 25°C ambient and maximum loading. 

3. Not more than one output should be shorted at atime. Duration of the short circuit test should not exceed one second. 

4. \oc is measured with all outputs enabled and open. 


Vec = MAX., Vin = 0.4V 


Vcc = MAX., Vin = 2.7V 


Vec = MAX., Vin = 7.0V 


' Output Short Circuit Current 
sc (Note 3) 


Vcc = MAX. (Note 4) 


SWITCHING CHARACTERISTICS 
(Ta = +25°C, Vcc = 5.0V) 


Am25LS Am54LS/74LS 


Parameters Description Units Test Conditions 


Select to Output, 
2 Levels of Delay 


Select to Output, 
3 Levels of Delay 


Enable to Output, 
2 Levels of Delay 


Am25LS ONLY 
SWITCHING CHARACTERISTICS 
OVER OPERATING RANGE* 


Am25LS COM’L 


Ta = 0°C to +70°C 
Voc = 5.0V +5% 


Ta = —55°C to +125°C 
Voc = 5.0V +10% 


Parameters Description Units Test Conditions 


2 Levels of Delay anes Se z 


te. 3 Levels of Delay 
teLy Enable to Output 


2 Levels of Delay 


* AC performance over the operating temperature range is guaranteed by testing defined in Group A, Subgroup 9. 
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Am25LS/54LS/74LS139 


DEFINITION OF FUNCTIONAL TERMS FUNCTION TABLE 


A,B Select. The two ciecl inputs to the decoder. | INPUTS OUTPUTS 
G Enable. The enable input to the decoder. A HIGH input 


forces all four Y outputs HIGH regardless of the A and ENABLE SELECT 
B inputs. G B Yo Y4 Yo Y3 


Yo, ¥1, Yo, ¥3_ The four decoder outputs. 


L = LOW X = Don't care 


Am25LS ¢ Am54LS/74LS 
LOW-POWER SCHOTTKY INPUT/OUTPUT 
CURRENT INTERFACE CONDITIONS 


DRIVING OUTPUT DRIVEN INPUT 
Vcc 


iH 


Note: Actual current flow direction shown. 
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Am25LS/54LS/74LS139 


APPLICATIONS 


INPUTS 


ENABLE — Ol1G1 


Cee es se eee eee eee 
{v2 


TU TU 


S Dg 0; D2 03 D4 Ds Dg D7 
A 


1/2 OF Am25LS139 


S Dg Dy Dg 03 D4 Dg Dg D7 S Dp Dy Dz 03 D4 D5 Dg D7 


Ao 


Ay hes & Am25LS$251 7 Am25LS251 Am25LS251 Z Am25LS251 
Pf TE 8S. INPUT MULTIPLEXER B INPUT MULTIPLEXER 8 INPUT MULTIPLEXER 8 INPUT MULTIPLEXER 

A2 eae 

Ag 

me = j[U ] 


Wesco ote are se coe mae 


MULTIPLEXER OUTPUT MULTIPLEXER OUTPUT 


32-INPUT DEMULTIPLEXER 


DATA INPUT 


BIT-1 BIT-2 


ADDRESS 


WORD WORD WORD WORD 


DATA ROUTING USING ONE Am25LS139 AS A DEMULTIPLEXER FOR TWO BITS 


Metallization and Pad Layout 


1G 2G 
1A 2A 
1B 2B 
1Y0 
2Y0 
1Y1 H b= 
ane ia 
= pick 2 
1¥2 22 
1¥3 23 
8 
GND 


DIE SIZE 0.065" X 0.065" 
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Am25LS148 - Am54LS/74LS148 


Eight-Line To Three-Line Priority Encoder 


DISTINCTIVE CHARACTERISTICS 


Encodes eight inputs in priority 
Provides a 3-bit binary vector 
Indicates data present for all inputs 

Cascadable using available signals 

See Am25LS2513 for three-state output version of the 
Am25LS148 

Am25LS devices offer the following improvements over 
Am54/74LS 

— Higher speed 

— 50mV lower Vo_ at loL = 8mA 

— Twice the fan-out over military range 

— 440uA source curreht at high output 

e 100% product assurance screening to MIL-STD-883 
requirements 


LOGIC DIAGRAM 


O 
Sle) 


: 


Ay 
(7) 


et 


wg 
Xf 


i 


©) 
iy 


FUNCTIONAL DESCRIPTION 


These TTL Encoders perform priority decoding from 8 inputs 
and provide a binary weighted code of the priority order of 
the inputs on three active LOW outputs (Ao, Ay, Ag). An 
active LOW enable input (El) and enable output (EO) allows 
cascading without the need for external circuitry. Enable 
input El HIGH will force all outputs HIGH. The enable 
output is LOW when all inputs (Ig to 17) are HIGH and the 
enable input is LOW. A LOW group signal (GS) indicates that 
one of the 8 inputs is LOW. When the enable input is LOW, 
the enable output is the logic inverse of the group signal. 


The Am54LS/74LS148 is a standard performance version of 
the Am25LS148. See appropriate electrical characteristic tables 
for detailed Am25LS improvements. 


Note: The Advanced Micro Devices’ LS148 products were designed 
prior to publication of data sheets by T.I. Review specifications for 
possible differences. 


LOGIC SYMBOL 


Vcc= Pin 16 
GND = Pin 8 


CONNECTION DIAGRAM 
Top View 


Note: Pin 1 is marked for orientation. 
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Am25LS/54LS/74LS148 


Am25LS148 
ELECTRICAL CHARACTERISTICS 
The Following Conditions Apply Unless Otherwise Specified: 


COM’L Ty =0°Cto+70°C Vcc = 5.0V +5% MIN.=4.75V MAX. =5.25V 
MIL Ta =—55°C to +125°C =§ Vcc = 5.0V £10% = MIN.=4.50V MAX. =5.50V 
DC CHARACTERISTICS OVER OPERATING RANGE Typ. 
Parameters Description Test Conditions (Note 1) Min. (Note 2) Max. Units 
VOH Output HIGH Voltage ext oo 7 | 25 | Volts 
Vin = Vins or Vit COM'L 2.7 


= 
S 


VOL Output LOW Voltage Vin = Vig or Vib. 7 Volts 
lot = 8.0mA 0.45 
Guaranteed input logical HIGH 
Sicnceutreicecow 
VIL Input LOW Level Pa ean Ore ae Volts 
voltage for all inputs COM'L | 08 | 


Vcc = MIN., yy = —18mA 1.5 Volts 


Input Clamp Voltage 
El ig 
He Input LOW Current Vcc = MAX., Vin = 0.4V 
El ig 
Ts Input HIGH Current Vcc = MAX., Vin = 2.7V 
All others 
EL lo 
Input HIGH Current Vcc = MAX., Vin = 7.0V 
' Output Short Circuit Current Vcc = MAX. 
(Note 3) 
Power Supply Current 
Vcc = MAX. 


Notes: 1. For conditions shown as MIN. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type. 


2. Typical limits are at Vcc = 5.0V, 25°C ambient and maximum loading. 
3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 
4 


zi Sma 
mA 
2 


A 


4 
0 é 


1 
10 


S 
> 


00 : 
| =| 
> 


. a. 17, EI! Gnd all others open. 
b. To Ty, El open, 


Am25LS ¢ Am54LS/74LS 

MAXIMUM RATINGS (Above which the useful life may be impaired) 

Storage Temperature BBC to +150°C 
Supply Voltage to Ground Potential Continuous —0.5V to +7.0V 
DC Voltage Applied to Outputs for High Output State —0.5V to +Vcec max. 
DC Input Voltage —0.5V to+7.0V 
DC Output Current, IntoOutputs. ee ——sSS——“(‘i‘és;*™*™S™S™S 8m A 
DC Input Current —30mA to +5.0mA 
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Am25LS/54LS/74LS148 


Am54LS/74LS148 
ELECTRICAL CHARACTERISTICS 
The Following Conditions Apply Unless Otherwise Specified: 


COM’L Ty, =0°C to +70°C Vec = 5.0V +5% MIN. =4.75V MAX. =5.25V 

MIL Ta =—55°C to +125°C =—9 Vee = 5.0V 10% = MIN.=4.50V MAX. =5.50V 

DC CHARACTERISTICS OVER OPERATING RANGE Typ. 

Parameters Description Test Conditions (Note 1) Min. (Note 2) Max. Units 


Vec = MIN., lon = —400nA, 3.4 


Vin = Vin or Vit 


zs 
COM’'L 2.7 


7ALS only, lo, =8.0mMA 


Vid inpar hice bevel Guaranteed input logical HIGH 
voltage for all inputs 
i i MIL 
VIL inoue LOW Level Guaranteed input logical LOW pom | 
voltage for all inputs COM'L 


Output HIGH Voltage Volts 


j=) 
aS 


Vec = MIN. 
VIN = VIH oF Vi“ 


Output LOW Voltage Volts 


2 Volts 


Volts 


o © : 
N on 


—1.5 Volts 


Input Clamp Voltage Vec = MIN., ling = —18MA 


° 
Ned 
BL 
a 
> 


EL iG 


! Input LOW Current V = MAX., Vin = 0.4V El 
Fi || 
IH Input HIGH Current Vcc = MAX., Vin = 2.7V a uA 


All others 


—_ | = 
CO} 
= oO 
N N 
3 
> 


N 
ron) 
ala 
> 


| 
O;pln co) 
“1 O!loO nS 


; er 
V = MAX., Vin = 7.0 
ee IN All others 


one 
sce 
ae 
a 


Input HIGH Current 


E 
> 


Output Short Circuit Current 
(Note 3) 


—100 


Power Supply Current 
(Note 4) 


Conditi 


Notes: 1. For conditions shown as MIN. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type. 
2. Typical limits are at Voc = 5.0V, 25°C ambient and maximum loading. 
3. Not more than one output should be shorted at atime. Duration of the short circuit test should not exceed one second. 


4. a. 17, El Gnd all others open. 
b. To Ty, El open. 


- 


TRUTH TABLE 


IN SELECT | __ OUT 


a ! Ag Ar Ag 


crecereesalail 


oR SE, I a SES I SEE SE 


S 
3 
N 
a) 
S 
oT 
a | 
~ 


resecscras 


see SE. Ge EK, OS IE 
aol Eb er x Ka 
ce a x. OX 
Bool) A 2. 
aoe de Ee a EE 
ITtrtrdrtTrerrer tt 


creecer neal 


x 
H 
xX 
x 
x 
x 
x 
X 
x 
e 


ci T- *_K KKK KK IT x 
lt Tx*xK*x x xKxK IS 
It tr kwKxKxKxK I xX 


4 = HIGH Voltage Level 
= LOW Voltage Level 
Don’t Care 
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SWITCHING CHARACTERISTICS 


Am25LS/54LS/74LS148 


(Ta = +25°C, Vcc = 5.0V) Am25LS Am54LS/74LS 
Parameters Description Min. Typ. Max. Min. Typ. Max. Units Test Conditions 
‘LH ete icone orcad pepe et 
tPLH 7; to EO pone 
tPHL pa 12 18 Ee 
tPLH — ee ee ee ee ee 
Am25LS ONLY 


SWITCHING CHARACTERISTICS 
OVER OPERATING RANGE* 


Parameters Description 


tPLH 


a I; to An (In Phase Output) 
tPHL 
| 


Am25LS COM’L Am25LS MiL 


Ta =0°C to +70°C [Ta = —55°C to +125°C 
Vcc = 5.0V +5% 


Vcc = 5.0V +10% 


Min. Max. Test Conditions 


tPLH 


1; to Ay (Out-of-Phase Output) 
tPHL ie 


tPpLH 7 
tPHL 


tPLH 
tPHL 


pee eee as cee 
tPLH = es 
tPHL 


+—————— oA 
tPLH | Ei = 

t 
L “PHL ee 
beacee ee El to EO 


tPHL 


*AC performance over the operating temperature range is guaranteed by testing defined in Group A, Subgroup 9. 
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Am25LS/54LS/74LS148 


APPLICATION 


Am25LS148 


INTERRUPT 


p VECTOR 
7 


Pg 
Ps 
P4 


Am25LS148 


P3 
74LS00 
Po 
Py 


Po 


Priority interrupt encoding expanded to 16. 


Am25LS @ Am54LS/74LS DEFINITION OF FUNCTIONAL TERMS 
LOW-POWER SCHOTTKY INPUT/OUTPUT 
CURRENT INTERFACE CONDITIONS 


Address Data Outputs. Low address of most significant 
low data input (n = 0, 2). 


Low Enable Input. Enable input HIGH forces all out- 
puts HIGH. 


DRIVING OUTPUT DRIVEN INPUT Low Enable Output. Indicates that enable input is LOW 
and no input is active. 


‘Low Group Signal. If enable input is LOW, indicates 
when any input Is active. 


Data Inputs. Designates one of the eight active LOW 
inputs (i = O—7). 


Metallization and Pad Layout 


Note: Actual current flow direction shown. DIE SIZE 0.082" X 0.085” 
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Am25LS151 * Am54LS/74LS151 
Am25LS251 * Am54LS/74LS251 


Eight-Input Multiplexers 


DISTINCTIVE CHARACTERISTICS 


Switches one-of-eight inputs to two complementary outputs 
e Standard, ‘LS151 and three-state, ‘LS251 output versions 
@ Am25LS devices offer the following improvements over 


LOGIC DIAGRAM 


"LS251 ONLY 


Am54/74LS s—Yy 
— Higher speed 
— 5OmV lower VOL 
— Twice the fan-out over military range Do 
— 440uA source current 
e 100% product assurance screening to MIL-STD-883 
requirements Dy 
D2 
FUNCTIONAL DESCRIPTION D3 
The Am25LS151 and the Am25LS251 are eight-input 
multiplexers that switch one of eight inputs onto the D4 
inverting and non-inverting outputs under the control of a 
three-bit select code. The inverting output W is one gate 
delay faster than the non-inverting output Y. Ds 
The Am25LS151 provides an active-LOW strobe. When the 
strobe is HIGH, the inverting output (W) is HIGH and the 
non-inverting output (Y) is LOW. Dg 
The Am25LS251 features a three-state output for data bus 
organization. The active-LOW strobe, or ‘‘output control” 
applies to both the inverting and non-inverting output. D7 
When the output contro! is HIGH, the outputs are in the 
high-impedance state. When the output control is LOW, 
the active pull-up output is enabled. c —D ae 
The Am54LS/74LS151 is a standard performance version of 
the Am25LS151. See appropriate electrical characteristic tables 
B —{>> 


for detailed Am25LS improvements. 


CONNECTION DIAGRAM LOGIC SYMBOL 


Top View 


D; Dog D3 Dg D5 Dg D7 


VCC = Pin 16 
GND = Pin8 


Note: Pin 1 is marked for orientation. 
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Am25LS/54LS/74LS 151/251 


Am25LS151 ® Am25LS251 
ELECTRICAL CHARACTERISTICS The Following Conditions Apply Unless Otherwise Specified: 


COM'L TA= O°C to +70°C Voc = 5.0V + 5% (MIN. =4.75V MAX. = 5.25V) 

MIL Ta = —55°C to +125°C Vcc = 5.0V + 10% (MIN. =4.50V MAX. = 5.50V) 

DC CHARACTERISTICS OVER OPERATING RANGE Typ. 

Parameters Description Test Conditions (Note 1) Min. (Note 2) Max. Units 


NO 
ol 


Output HIGH Voltage 


NO 
~s 


w . . . 
No 


Vcc = MIN., 
Vin = Vin or Vit 


Pore 


: 3.4 
: 3.4 
IOH = —1mMA 2.4 3.4 
4 ; 
2 


I =4mA 

Cui LOW Veltee a a eee ee 
Guaranteed input logical HiGH 

voltage for all inputs 


Guaranteed input logical LOW 
voltage for all inputs COM’'L 


Vec = MIN., ly = —18MA 


anetier 
ae 
Vcc = MAX., Vin = 0.4V _ 


Input HIGH Level 


Input LOW Level 


Input Clamp Voltage 


Input LOW Current 


Me 
ty Input HIGH Current Vcc = MAX., Vin = 2.7V 
| ty [Input HIGH Current Vcc = MAX., Vin = 7.0V 
igs Off-State (High-Impedance) Vcc = MAX. Vo =2.4V 
Output Current (LS251 only) Vin = Vin or Vit 
Isc Output Short Circuit Current Vcc = MAX. 


(Note 3) 


LS151 (Note 4) 


| 
= 
ol 


o> 


Power Supply Current Vcc = MAX. 


LS251 (Note 5) 


Am54LS/74LS151 © Am54LS/74LS251 
ELECTRICAL CHARACTERISTICS The Following Conditions Apply Unless Otherwise Specified: 


COM’'L TA = O°C to +70°C Vcc = 5.0V + 5% (MIN. =4.75V MAX. = 5.25V) 

MIL Ta = —55°C to +125°C Vec =5.0V+10%  (MIN.=4.50V MAX. =5.50V) 

DC CHARACTERISTICS OVER OPERATING RANGE Typ. 

Parameters Description Test Conditions (Note 1) Min. (Note 2) Max. Units 


NO 
ol 
N ALA 


Output HIGH Voltage 1OH = —400uUA 


loH = —1ImA : 
Vin = Vin or Vig. lOoH = —2.6mA : 


All, lol =4mA 
74LS only, lop =8mA 


Guaranteed input logical HIGH 
voltage for all inputs 


Guaranteed input logical LOW 
voltage for all inputs 74LS 


Vcc = MIN., lin = -—18mA 


3.4 


NO] N 
fi} wn 


| 5418251 
74LS251 


Output LOW Voltage 


Input HIGH Level 2 


N 
f 


Vcc = MAX., Vin = 0.4V 


Vcc = MAX., Vin = 2.7V 


i 
° 
> 
wa 


limi o 

NO 
SiO; a4) Oo 
r & 
> > 


Vcc = MAX., Vin = 7.0V . 
Vcc = MAX. Vo =2.4V 
Vin = Vin or Vit Vo = 0.4V 


LS151 (Note 4) 


Vane A 
CGN LS251 (Note 5) - 


1. For conditions shown as MIN. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type. 
2. Typical limits are Voc = 5.0V, 25°C ambient and maximum loading. 

3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 

4 

5 


Off-State (High-I mpedance) 
Output Current (LS251 only) 


Pa 
ob 


| 
my 
o1 


- loc is measured with all outputs open and all inputs at 4.5V. 
- lec is measured with all outputs open and all data and select inputs at 4.5V under conditions: 
A) Strobe grounded. B) Strobe at 4.5V. 
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Am25LS/54LS/74LS151/251 

MAXIMUM RATINGS (Above which the useful life may be impaired). 

Storage Temperature —65°C to +150°C 
Temperature (Ambient) Under Bias —55°C to +125°C 
Supply Voltage to Ground Potential (Pin 16 to Pin 8) Continuous —0.5V to +7.0V 
DC Voltage Applied to Outputs for HIGH Output State —0.5V to + Vec max. 
DC Input Voltage —0.5V to +7.0V 
DC Output Current, Into Output 30mA 


DC Input Current —30mA to +5.0mA 


Am25LS151 ® Am54LS/74LS151 
SWITCHING CHARACTERISTICS 
(Ta = 25°C, Vec = 5.0V) 


Am25LS Am54LS/74LS 


Parameters Description 


a 
A, B,or C to Y;4 Levels of Delay 

ee ee 
t 

A, B, or C to W; 3 Levels of Delay oes 

Gael 
t 
t 

eee 


Re oztsall 

Red = 

ars a 
[tH | swoteioy FE Sane aean eae 
| tpHL | L nee ie oe eee pana i ee 

ane Decsciel 


Units Test Conditions 


t 
Sicbahalw 


Am25LS151 ONLY 
SWITCHING CHARACTERISTICS 
OVER OPERATING RANGE* 


Am25LS COM’L Am25LS MIL 


Ta = 0°C to +70°C Ta = —55°C to +125°C 
Voc = 5.0V +5% Voc = 5.0V +10% 
Parameters Description Min. Min. Units 


t re a See Se Se 
A, B or C to Y; 4 Levels of Delay o/ ns 
eres Ser A Seer 
: aa ae oe ee 
A, B or C to W; 3 Levels of Delay sad 
nes Se. ee eee 
‘ ee ee See 
ae Re eee ae: 
: pears Pe octal 
pte 
aad ioreege 
: eesnaisteiadll oa coe eee cence 
ae: (ee ee ae 
t as acs eee aed 
fos kaneneie 


* AC performance over the operating temperature range is guaranteed by testing defined in Group A, Subgroup 9. 
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Test Conditions 


Am25LS/54LS/74LS151/251 
Am25LS251 e Am54LS/74LS251 


SWITCHING CHARACTERISTICS 
(Ta = 25°C, Vcc = 5.0V) 


Am25LS Am54LS/74LS 


Parameters Description Units Test Conditions 


A,B, or C to Y;4 Levels of Delay 
t 
A, B, or C to W; 3 Levels of Delay 
t 
Bey Any Dto Y 


t 
pone 


tZ 
Bussceeaccieway 
tZL 


Output Enable to W 


Output Enable to Y 


2 


2 
2 


fo) 


2 
7 


— 
OO 
NO 


— = 

ie%) -|o 
= fm =} Rh 
O}N NLD 


—_ 
—_ 


= 
i<e) 


Output Enable to W 


—_= = 
NO nN 


Am25LS251 ONLY 
SWITCHING CHARACTERISTICS 
OVER OPERATING RANGE* 


Ta = —55°C to +125°C 
Vcc = 5.0V +10% 
Min. Max. 


Ta = 0°C to +70°C 
Voc = 5.0V +5% 


Parameters Description : 


Units Test Conditions 


~ 
— 


t 
A, B or C to Y; 4 Levels of Delay 
teyL 


eed 

A, B or C to W; 3 Levels of Delay | —* 
en Gee ere 
ee 


tPHL 
t 

baveiey 
tPHL 
t 

Any D to W 
tPHL 


Output Enable to Y 


NO 
| 


Nh RO N NO 


NS 


Output Enable to W 


at 
ZL 
a 
a 
ne 
ene 


t 
ae Output Enable to W 4 


*AC performance over the operating temperature range is guaranteed by testing defined in Group A, Subgroup 9. 
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FUNCTION TABLE 


INPUTS OUTPUTS 


LS151 
Strobe | Control 


ELECT 
B 


zi Ce ae ee a OA a Maco Mees 


creeeerr slag 


ea. tho oe, ae a 
Tn ae a) ce ee RD | ge 


X = Don’t Care 
Z = High Impedance 


Do-D7 =The output will follow ihe HIGH-level or LOW-level of 
the selected input. 


Do-D7 =The output will follow the complement of the HIGH- 
level or LOW-level of the selected input. 


Am25LS/54LS/74LS151/251 


DEFINITION OF FUNCTIONAL TERMS 


A,B,C The three select inpucs of the multiplexer. 
Do, D1, D2, D3, 
D4, Ds, Dg, D7 
Y The true multiplexer output. 

W The complement multiplexer output. 

S Strobe. On the Am25LS151, a HIGH on the strobe 
forces the Y output LOW and the W output HIGH. 


S$ Output Control. On the Am25LS251, a HIGH on the 
output control (or strobe) forces both the W and Y outputs 
to the high-impedance (off) state. 


The eight data inputs of the multiplexer. 


Am25LS ¢ Am54LS/74LS 


LOW-POWER SCHOTTKY INPUT/OUTPUT 
CURRENT INTERFACE CONDITIONS 


"LS251 
THREE-STATE OUTPUT 


DRIVING OUTPUT DRIVEN INPUT 


"LS151 
STANDARD OUTPUT 


DRIVING OUTPUT DRIVEN INPUT 


10H | WL 


Note: Actual current flow direction shown. 
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Am25LS/54LS/74LS151/251 


APPLICATIONS 


LOGIC FUNCTION GENERATION 


Am25LS151 
Am25LS251 


Z = ABCD + ABCD + ACD + AB + ACD + BCD 


32-INPUT MULTIPLEXER 


INPUTS 


rs t=?) 
ENABLE 9 
: Per Re SEeRE 
w 
: | 
<< 
aw 
(2) 
iN 
A S Og Dy D2 03 D4 Ds Dg D7 S Do 0; Dg D3 D4 D5 Dg 07 S Do 0; D2 03 D4 D5 Dg D7 S Dg Dy D2 D3 Da Os Dg D7 
. 0 A A 
ine i ene 2 ‘LS251 ‘ 'LS251 ‘LS251 ‘LS251 
Ap —- $1 J, SINPUT MULTIPLEXER 8-INPUT MULTIPLEXER 8-INPUT MULTIPLEXER 8.INPUT MULTIPLEXER 
A3 ; 
m 5 = a 
MULTIPLEXER OUTPUT MULTIPLEXER OUTPUT 
Metallization and Pad Layouts 
v ’ 
LS151 LS251 
Vec vec 
16 16 
D3 1 15 Dy Dz 1 15 Dy 
Do 2 14 Ds Dog 2 14 Ds 
Dy 3 D, 3 
1 13 Dg A 13 Dg 
Do 4 12 Dy oo 12 Dy 
Y 5 1A ¥ 2 11 A 
W 6 10 8B Ww 6 10 B 
S 7 9 C S 7 9 C 
8 8 
GND GND 
DIE SIZE 0.057" X 0.057” DIE SIZE 0.057" XK 0.057"" 
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Am25L3$153 ¢ Am54LS/74LS153 
Am25LS$253 ¢ Am54LS/74LS253 


Dual 4-Line To 1-Line Data Selectors/Multiplexers 


DISTINCTIVE CHARACTERISTICS 


Performs serial to parallel conversion 

Standard, ‘LS153, and three-state, ‘LS253, output versions 
Am25LS devices offer the following improvements over 
Am54/74LS 

— Higher speed 

— 50mV lower Vo. 

— Twice the fan-out over military range 

— 440uA source current 

100% product assurance screening to MIL-STD-883 
requirements 


FUNCTIONAL DESCRIPTION 


These dual four-input multiplexers provide the digital 
equivalent of a two-pole, four position switch with the posi- 
tion of both switches set by the logic levels supplied to 
the select inputs A and B. Each section of the Am25LS153 
has a separate active-LOW enable (strobe) input that forces 
the output of that section LOW when a HIGH level is 
applied regardless of the other inputs. 


The Am25LS253 features a three-state output to inter- 
face with bus-organized systems. Each section of the 
Am25LS253 has a separate active-LOW output control 
that disables the output driver (high-impedance state) of 
that section when a HIGH logic level is applied regardless 
of the other inputs. 


The Am54LS/74LS153 and 253 are standard performance 
versions of the Am25LS153 and 253. See appropriate electri- 
cal characteristic tables for detailed Am25LS improvements. 


LOGIC DIAGRAM 


A 


/ 


A i =I 
me 


| LS253 ONLY 


G = Strobe on ’LS153 
2Y G = Output Enable on ‘LS253 1Y 


OUTPUT 


CONNECTION DIAGRAM 
Top View 


Vec 2G A 2C3 2C2 2C1 2Cc0 2Y 


Note: Pin 1 is marked for orientation. 


B 


\/ 


zie 


__ 18253 ON ON LY 


OUTPUT 


LOGIC SYMBOL 


1cO 1C1 1C2 1C3 


Sn senate! 
1G DATA 1 DATA 2 
A SELECT 


2CO 2C1 2C2 2C3 
nnn 


B SELECT 
a OUTPUT OUTPUT 
1Y 2Y 


VCC = Pin 16 
GND = Pin 8 


Am25LS/54LS/74LS 153/253 


Am25LS153 © Am25LS$253 


ELECTRICAL CHARACTERISTICS 
The Following Conditions Apply Unless Otherwise Specified: 


COM’L BP 0°C to +70°C Vcc = 5.0V + 5% (MIN. =4.75V MAX. = 5.25V) 

MIL TA= —55°C to +125°C Vcc = 5.0V + 10% (MIN. =4.50V MAX. = 5.50V) 

DC CHARACTERISTICS OVER OPERATING RANGE 

Parameters Description Test Conditions (Note 1) Min. Typ.(Note 2) Max. Units 


NO 
on 


1OH = —440uA 


IOH = —imA 
loH = —2.6mA 


LS153XM 
V Output HIGH Volt Pees’ 
utpu oltage 
OH o° | LS253xM = 
. LS253XC a 
o 6 ei lo. =4mA 
OL utput L Voltage lo, =8mA 
Vin Input HIGH Level Guaranteed input logical HIGH 2 
voltage for all inputs 
VIL | Input LOW Level Guaranteed input logical LOW 
voltage for ail inputs COM’'L 


Vac = MAX., Vin = 0.4V 
Voc = MAX., Vin = 2.7V 


|) | Input HIGH Current Voc = MAX., Vin = 7.0V 


Off-State (HIGH Impedance) Vo =2.4V 
Vcc = MAX. 
Vo = 0.4V 


Output Current 
Am25LS253 Only 
Output Short Circuit Current 
{ Vcc = MAX. 
(Note 3 ec 
= LS153 
ee ee ree nee a LS253 


Notes: 1. For conditions shown as MIN. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type. 
2. Typical limits are at Vcc = 5.0V, 25°C ambient and maximum loading. 
3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 
4. Ilcc is measured with all outputs open and all inputs grounded. 


NO 
~ 


Volts 


NO 
aS 


Vec=MiIN., 


Vin = Vin or Vie 2.4 


Volts 


Volts 


jo) 
~ 


Volts 
Volts 


—0.36 mA 


NO] BPEL A 


S N 
= 


Input LOW Current 


NO 
Oo 
Bad 


Input HIGH Current 


ele 
2 


| 
—_ 
on 


cop) 
N 

3 

> 


| 
—_ 

©o 
Ff 


MAXIMUM RATINGS (Above which the useful life may be impaired) 


Storage Temperature —65°C to +150°C | 
Temperature (Ambient) Under Bias —55°C to +125°C 
Supply Voltage to Ground Potential (Pin 16 to Pin 8) Continuous —0.5Vto+7.0V 
DC Voltage Applied to Outputs for HIGH Output State | —0.5 V to +Vcc max. 
DC Input Voltage —0.5Vto+7.0V 
DC Output Current, Into Outputs 30 mA 
DC Input Current —30mA to +5.QmA 


DEFINITION OF FUNCTIONAL TERMS FUNCTION TABLE 


1C;, 2C; Data Inputs. The four data inputs to each multi- INPUTS OUTPUTS 


a nd 3. 
BIexers A= Dicteaesta is153 | £5755 | is1s3 | Ls253 
1Y,2Y Multiplexer Outputs. The output of each four-input Strobe paaatiy Output | Output 
multiplexer. . 


A,B Select Inputs. The inputs used to determine which of 
the four data inputs are selected for the output. 


G (Am25LS153) Strobe. An active-LOW strobe used to enable 
the output. A HIGH level input forces the output LOW 
regardless of the other inputs. 

G (Am25LS253) Output Control. An active-LOW three-state 
control used to enable the output. A HIGH level input forces 
the output to the high-impedance (off) state. 


Et Lr Ir or a 
2 CN SiG) Da eae a ES a 4 
x x KX XK KITT K 
x x KX TT KK XK 


| s | 
H 
L 
L 
L 
L 
L 
L 
L 
, HE 


Srreeeresle 


ceeraezerl< EE 


po erereenis 


Xx 
Xx 
x 
x 
X. 
Xx 
Xx 
L 
H 


x 
x 


H = HIGH L = LOW X = Don’t Care Z = High Impedance 
Note: A & B are common to both 4 input multiplexers. 
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Am25LS/54LS/74LS153/253 
Am54LS/74LS153 ¢ Am54LS/74LS253 


ELECTRICAL CHARACTERISTICS 
The Following Conditions Apply Unless Otherwise Specified: 


COM’L Ta =0°Cto+70°C Vcc = 5.0V + 5% (MIN. =4.75V MAX. =5.25V) 

MIL Ta =—55°Cto+125°C = =9Vec=5.0V+10%  (MIN.=4.50V MAX. =5.50V) 

DC CHARACTERISTICS OVER OPERATING RANGE 

Parameters Description Test Conditions (Note 1) Min. Typ.(Note 2) Max. Units 


low = —400nA 


Output HIGH Voltage 


VOH Volts 


NENTS 
Hin] o 


Vec =MIN., 
VIN = VIH Or VoL 


IOH = —1mMA 


1OH = —2.6mf 
All, | = Am. 
Vin input HIGH ‘Level Guaranteed input logical HIGH 5 
voltage for all inputs 
; - : 
Vib input ROW: evel Guaranteed input logical LOWW | 54LS 
vo!tage for all inputs 74Ls 
Input Clamp Voltage Veco = MIN., Vin“g = -18MA 
input LOW Current Vcc = MAX., Vin = 0.4V 
Input HIGH Current Vcc = MAX., Vig = 2.7V 


nN 


Volts 


Volts 


Bll 
Ni pla] A 


jo) 
~“ 


< 


olts 


—1.5 Volts 


—0.36 mA 


N 
‘= 
> 


| 
N 
ro) 


e 
jo) 
i 
5 fe 


—15 mA 


Oo 
NO 


ee 
Am54LS/74LS253 Only 
[| merece [ieee Hes ——— 


Notes: 1. For conditions shown as MIN. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type. 


Input HIGH Current Vcc = MAX., Vin = 7.0V 
Off-State (HIGH Impedance) Vo =2.4V 
Output Short Circuit Current 
(Note 3) 
2. Typical limits are at Vec = 5.0V, 25°C ambient and maximum loading. 
3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 


Output Current 
Vo = 0.4V 
4. lcc is measured with all outputs open and all inputs grounded. 


Am25LS153/54LS153 
SWITCHING CHARACTERISTICS 
(Ta = +25°C, Vec = 5.0V) 


Am25LS Am54LS/74LS 


Parameters Description 


t 
Data to Output 


a 
fen esta 
oa 
Le 
a 


t 
Strobe to Output 


Am25LS153 ONLY 
SWITCHING CHARACTERISTICS 
OVER OPERATING RANGE* 


Units Test Conditions 


Am25LS COM’L 


Ta = 0°C to +70°C 
Voc = 5.0V +5% 


Am25LS MIL 


Ta = —55°C to +125°C 
Voc = 5.0V +10% 


Units Test Conditions 


Parameters Description 


ee ek Oe ee, 
Data to Output 
tPHL SE Tak ae a ee 
t ae ae ee | 
Select to Output 
tPHL ae a ee | 39 


t 
Strobe to Output 


*AC performance over the operating temperature range, is guaranteed by testing defined in Group A, Subgroup 9. 
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Am25LS/54LS/74LS153/253 


Am25LS253/54LS253 a 
SWITCHING CHARACTERISTICS 
(Ta = +25°C, Voc = 5.0V) 


Am25LS Am54LS/74LS 


Test Conditions 


Parameters Description 


Cy = 15pF 
Rp, = 2.0k2 


Am25LS253 ONLY 
SWITCHING CHARACTERISTICS 
OVER OPERATING RANGE* 


Ta = —55°C to +125°C 
Vcc = 5.0V +10% 


Ta = 0°C to +70°C 
Vcc = 5.0V +5% 


Parameters Description 


t 

Data to Output 
tPHL 
t 

Select to Output 
tPHL 


ese a eet oe 
etal sudan 
eee 
| tae | 7 [| CUT 
Output Control to Output ae al 

_ ee 
fy ca eames fe ete eee 
eee ae 


ta | Output Control to Output 
tz 


* AC performance over the operating temperature range is guaranteed by testing defined in Group A, Subgroup 9. 


Am25LS @ 54LS/74LS 
LOW-POWER SCHOTTKY INPUT/OUTPUT 
CURRENT INTERFACE CONDITIONS 


"LS153 "LS253 
STANDARD OUTPUT THREE-STATE OUTPUT 


DRIVING OUTPUT DRIVEN INPUT DRIVING OUTPUT DRIVEN INPUT 


!OH | Ne 


Note: Actual current flow direction shown. 
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Am25LS/54LS/74LS 153/253 


APPLICATIONS 


TA 2A 3A4A 1B 2B 3B 4B 


"LS253 DUAL 4-INPUT MULTIPLEXER IN A BUS-ORGANIZED SYSTEM 


Metallization and Pad Layout 


"LS153 


DIE SIZE 0.055” X 0.055" DIE SIZE 0.055” X 0.055” 
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Am25LS157 « Am54LS/74L$157 
Am25LS158 « Am54LS/74L$158 


Quadruple 2-Line To 1-Line Data Selectors/Multiplexers 


DISTINCTIVE CHARACTERISTICS 


Selects four of eight data inputs with single select line and 
overriding strobe 

Inverting ‘LS158 and Non-inverting ‘LS157 configurations 
Standard TTL outputs 

Am25LS devices offer the following improvements over 
Am54/74LS 

— Higher speed 

— 5OmV lower VoL 

— Twice the fan-out over military range 

— 440uA source current at HIGH output 

100% product assurance screening to MIL-STD-883 
requirements 


FUNCTIONAL DESCRIPTION 


These data selectors/multiplexers are used to select a 4-bit 
word from one of two sources. The four outputs at the 
Am25LS157 present true data with respect to the input 
data. The four outputs of the Am25LS158 present inverted 
data with respect to the inputs and also minimize propaga- 
tion delay. A common active-HIGH strobe (active-LOW 
enable) is provided on all devices. 


A single select line, S, is used to select one of the two 
multiplexer input words. When the select is LOW, the A 
input word is present at the output. When the select is 
HIGH, the B input word is present at the output. 


The Am54LS/74LS157 and 158 are standard performance 
versions of the Am25LS157 and 158. See appropriate electrical 


characteristic tables for detailed Am25LS improvements. 


LOGIC DIAGRAMS 


Am25LS157 
Am54LS/74LS157 


4B 


STROBE G 


SELECTS 


CONNECTION DIAGRAMS 
Top Views 


Pin 1 is marked for orientation. 


Am25LS158 
Am54LS/74LS158 


4B 


STROBE G 


SELECT S 


LOGIC SYMBOL 


5 6 11 10 14 13 6 11 10 14 13 


2A 2B 3A 3B 4A 4B 2A 2B 3A 3B 4A 48 


"LS157 "LS158 


Vcc = Pin 16 
GND = Pin8 


Am25LS/54LS/74L$S157/158 
Am25LS157 e Am25LS158 


ELECTRICAL CHARACTERISTICS 
The Following Conditions Apply Unless Otherwise Specified: 


COM’L Ta = 0°C to +70°C Vcc = 5.0V + 5% (MIN. =4.75V MAX, = 5.25V) 

MIL Ta = —55°C to +125°C Vcc = 5.0V + 10% (MIN. =4.50V .MAX. = 5.50V) 

DC CHARACTERISTICS OVER OPERATING RANGE 

Parameters Description Test Conditions (Note 1) Min. Typ.(Note 2) Max. Units 


VOH Output HIGH Voltage ” 
V Output LOW Voltage 
Vin = Vinor Vit [| lot = 8mA ae a 
G di ical HIGH 
Vin Input HIGH Level uarantee input logical HIG 5 
voltage for all inputs 
Guaranteed input logical LOW [MIL | ——=Ssd|~SSSS~*S 
Vit Input LOW Level voltage for all inputs COM’'L ee 
Input Clamp Voltage Voc = MIN., ly = —18mA Cd 
: ee 
We Input LOW Current Vcc = MAX., Vin = 0.4V 
Fcc ae eaten [ea 
| 
NH Input HIGH Current Vcc = MAX., Vin =2.7V 
7 
SorG 
Input HIGH Current Vcc = MAX., Ving = 7.0V PSO baal 
[aes | | 
Output Short Circuit Current 
! Vcc = MAX. 
(Note 3) pvoommex ef 
eee! 


; ; as Vcc = MAX. LS157 


Notes: 1. For conditions shown as MIN. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type. 
2. Typical limits are at Vcc = 5.0V, 25°C ambient and maximum loading. 
3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 
4. loc is measured with all outputs open and 4.5 V applied to all! inputs. 


N 
NIN 
= 
> 


oo) | oO 
© 1s ol; : 
=] oO]: w“ 
rebekibeee gle | 
i 
re) 
+ 
wn 


i<e) 
~N 
B 
> 


Am54LS/74LS157 e Am54LS/74LS158 


ELECTRICAL CHARACTERISTICS 
The Following Conditions Apply Unless Otherwise Specified: 


COM’L TA = 0°C to +70°C Vcc = 5.0V + 5% (MIN. =4.75V MAX. = 5.25V) 

MIL Ta = —55°C to +125°C Veco =5.0V+10%  (MIN.=4.50V MAX. = 5.50V) 

DC CHARACTERISTICS OVER OPERATING RANGE 

Parameters Description Test Conditions (Note 1) Min. Typ.(Note 2) Max. Units 


Am54LS : 
Am74LS 2.7 


All, lot = 4mA 
74LS only, lot =8mA 


Guaranteed input logical HIGH 
voltage for all inputs 


NO 
ol 


Vcc = MIN., loH = —400uA 
VIN = VIH Or ViL 
Vcc =MIN. 

VIN = Vin OF VIL 


Output HIGH Voltage 


VOH 


Output LOW Voltage 


VOL 


Input HIGH Level 
input LOW Level 
| 


Input Clamp Voltage 


Input LOW Current 


Am54LS 
Am74LS 


Input HIGH Current Vcc = MAX., Vin = 2.7V 
SorG 

i Input HIGH Current Vec = MAX.,, Vin = 7.0V 

Output Short Circuit Current 


ower Supply Curren (Note 4) LS158 


Notes: 1. For conditions shown as MIN. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type. 
2. Typical limits are at Vcc = 5.0V, 25°C ambient and maximum loading. 
3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 
4. lcc is measured with all outputs open and 4.5V applied to all inputs. 


Guaranteed input logical LOW 
voltage for all inputs 


Vcc = MIN., lypxy = —18MA 


Vcc = MAX., Vin = 0.4V 
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Am25LS/54LS/74LS157/158 
MAXIMUM RATINGS (Above which the useful life may be impaired) 


Storage Temperature —65°C to +150°C 
Temperature (Ambient) Under Bias —55°C to +125°C 
Supply Voltage to Ground Potential (Pin 16 to Pin 8) Continuous —0.5 V to+7.0 V 
DC Voltage Applied to Outputs for HIGH Output State —0.5V to +Vcec max. 
DC Input Voltage —0.5 V to +7.0 V 
DC Output Current, Into Outputs | 30mA 
DC Input Current —30mA to +5.0mA 


Am25LS157 © Am54LS/74LS157 

Am25LS158 ® Am54LS/74LS158 

SWITCHING CHARACTERISTICS 

(Ta = +25°C, Vcc = 5.0V) Am25LS Am54LS/74LS 


Parameters Description in. : : in. ; ; Test Conditions 


LS158 
LS157 


Select to Output 
LS157 
tpHy. Select to Output 


Am25LS ONLY 
SWITCHING CHARACTERISTICS 
OVER OPERATING RANGE* 


Am25LS COM’L Am25LS MIL 


Ta = 0°C to +70°C Ta = —55°C to +125°C 
Vcc = 5.0V +5% Voc = 5.0V +10% 


Parameters Description Units Test Conditions 


Data to Output 
t Data to Output 
iSt66 a ae 
(5157 gee | 
; Aan cnn (ea 
S168 
LS157 
Gsicberoon 
Select to Output 


DEFINITION OF FUNCTIONAL TERMS 
1A, 2A, 3A, 4A The data inputs for the 4-bits of the A word. 
1B, 2B, 3B, 4B The data inputs for the 4-bits of the B word. 
1Y, 2Y, 3Y, 4Y The four outputs of the multiplexer. The 
input data is inverted at the output.on the Am25LS158 and 
non-inverted at the output for the Am25LS157. 

G Strobe. When the strobe is HIGH, the four outputs of the 
Am25LS157 are LOW and the outputs of the Am25LS158 are 
HIGH. When the strobe is LOW, the devices are enabled to 
pass data. 

S Select. When the select input is LOW, the A word is present 
at the output. When the select input is HIGH, the B word is 
present at the output. 


H = HIGH L= LOW X = Don’t Care 


3-57 


Am25LS/54LS/74LS157/158 


APPLICATION 
oe ee ee FUNCTION TABLE 
State 
Number | Sq 
0 B 
1 A 
2 D 
So 3 C 
S, 4 C 
5 B 
6 A 
7 D 
8 A 
9 D 
10 Cc 
11 B 
12 D 
13 C 
14 B 
So A 
$3 State 9 


State 10 
State 11 
State 8 


State 3 
State 0 
State 1 
State 2 
B A 


S4 


STROBE 


a eee BF BF BP KP Mr er eer er PH oddeoecodoodo0odcedndoddnoooa0ncncoeo 


mer rPrrooooeHsfs se HF OTD CDO BP Bae Hs DADO eF Hsu ur GDOocd 
a ee el a > © > > Dd oo o> co oT 
-~ Or Oo 7r7 O70 20 +?0+0+l0 +0 +0 4202 0 @€6@ O mB OA OA Oo 


A D 
D C 
C B 


Two Am25S10 four-bit shifters are used in conjunction with an Am25LS157 multiplexer to perform all 
possible permutations on four inputs. The number of combinations possible on n items is given as nl. 
Thus, for n equal to 4,24 combinations are possible. The Function Table shows all 32 combinations of-the 
5-bit select code including the 8 redundant states. This connection can be particularly useful in security 
systems and certain random number generation schemes. The eight redundant states can be placed at other 
select field locations through proper design. 


Am25LS157 Metallization and Pad Layouts Am25LS158 
Am54LS/74LS157 Am54LS/74LS8158 


DIE SIZE 0.057” X 0.057” DIE SIZE 0.057” X 0.057” 
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Am25LS160A/161A/162A/163A 
Am54LS/74LS160A/161A/162A/163A 


Synchronous Four-Bit Counters 


LOGIC DIAGRAMS 


DISTINCTIVE CHARACTERISTICS 


@ Synchronous presettable counters 
@ Decade (‘LS160A and ‘LS162A) and binary (‘LS161A and 
"LS163A) counters 
@ Asynchronous (‘LS160A and ‘'LS161A) and synchronous 
('LS162A and ‘LS163A) clear inputs 
@ Am25LS devices offer the following improvements over 
Am54/74LS 
— Higher speed 
— 5OmV lower VOL 
— Twice the fan-out over military range 
— 440A source current 
@ 100% product assurance screening to MIL-STD-883 
requirements 


Am25LS160A Synchronous Decade Counter 


FUNCTIONAL DESCRIPTION 


The Am25LS160A, Am25LS161A, Am25LS162A_ and 
Am25LS163A synchronous, presettable counters have inter- 
nal look-ahead carry and ripple carry output for high-speed 
counting applications. The Am25LS160A and Am25LS162A 
are decade counters and the Am25LS161A and Am25LS163A 
are 4-bit binary counters. Counting or loading occurs’on the 
positive transition of the clock pulse. A LOW level on the 
load input causes the data on the A, B, C and D inputs to be 
shifted to the appropriate Q outputs on the next positive 
clock transition. The load need meet only the set-up and 
hold time requirements with respect to the clock. 


The Am25LS160A and the Am25LS161A feature an asyn- 
chronous clear. A LOW level at the clear input sets the Q 
outputs LOW regardless of the other inputs. The Am25LS 
162A and Am25LS163A have a synchronous clear. A LOW 
level at the clear input sets the Q outputs LOW after the next 
positive clock transition regardless of the enable inputs. 


RIPPLE 
15 CARRY 


Am25LS162A synchronous decade counters are similar; how- 
ever, the clear is synchronous as shown for the AmM25LS163A 
binary counters. 


Am25LS163A Synchronous Binary Counter 


Q¢¢12 


Both count-enable inputs P and T must be HIGH to count. 
Count enable T is included in the ripple carry output gate for 
cascading connection. The enable P or T inputs need meet 
only the set-up and hold time requirements with respect to 
the clock. 


The Am54LS/74LS160A series are standard performance 
versions of the Am25LS160A series counters. See appro- 
priate electrical characteristic tables for detailed Am25LS 
improvements. 


Am25LS161A synchronous binary counters are similar; how- 
ever, the clear is asynchronous as shown for the Am25LS160A 
decade counters. 


CONNECTION DIAGRAM 
Top View 


LOGIC SYMBOL 


Q¢ Qp ENT LOAD 


Vcc = Pin 16 
GND = Pin 8 


Note: Pin 1 is marked for orientation. 
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Am25LS/54LS/74LS160A/161A/162A/163A 


Am25LS160A, 161A, 162A and 163A 


ELECTRICAL CHARACTERISTICS 
The Following Conditions Apply Unless Otherwise Specified: 


COM’'L Ta = 0°C to +70°C Vcc = 5.0V + 5% (MIN.=4.75V MAX. = 5.25V) 

MIL Ta = —55°C to +125°C Vcc = 5.0V + 10% (MIN. =4.50V MAX. = 5.50V) 

DC CHARACTERISTICS OVER OPERATING RANGE 

Parameters Description Test Conditions (Note 1) Min. = Typ. (Note 2) 


NO 
1°) 


z eee 1. ae 
VoH Output HIGH Voltage Vcc = MIN., IoH = —440uA | MIL 
Vin = Vin or Vit COM'L 
MCG > MUN: loL = 4.0mA 
VOL Output LOW Voltage cc OL 


VIN = ViH or VIL lo, = 8.0mA 


ViH Input HIGH Level Guaranteed input logical HIGH voltage for all inputs 


input logical LOW 
ViL Input LOW Level Guaranteed inpu gica 
voltage for all inputs 


Vi Input Clamp Voltage Vec = MIN., lin = —18mA 


NO 
~ 


N 

oO 
S 69] 69 
oa)? | > 


0.35 


A,B,C, D, EN P, CP 
Load, EN T 

Clear ‘160A, ‘161A 
Clear ‘162A, ‘163A 
A,B,C, D, EN P, CP 20 
rics ENT | Ssd| SO 
[Clear'1608, 6A] S| SSSSCSC«iCi‘ OY 
oeerteantesa [| 
[A.B,c,O,ENP.cP [0 | Tt 


Input LOW Current 


We Vcc = MAX., Vin = 0.4V 


Input HIGH Current Vec = MAX., Vin = 2.7V 


ted ent | —SidPSSCt—~—‘~sdSCit CS 
Geer Tea, WIA | SCdPSSSSCS~Ci 
[cieer 1620, 163A [| +P SSS 


Voc = MAX., Vin = 7.0V 


Input HIGH Current 


Power Supply Current Si (N 4) 

CCH All Outputs HIGH Vcc = MAX. (Note 
Power Supply Current & 

| Vec = MAX. (Note 5) 


Notes: 


1. For conditions shown as MIN. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type. 
2. Typical limits are at Vcc = 5.0V, 25°C ambient and maximum loading. 

3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 

4. ICCH is measured with the load input HIGH, then again with the load input LOW, with all other inputs HIGH and all outputs open. 

5. IccL is measured with the clock input HIGH, then again with the clock input LOW, with al! other inputs LOW and all outputs open. 


MAXIMUM RATINGS (Above which the useful life may be impaired) 


Storage Temperature —65°C to +150°C 
Temperature (Ambient) Under Bias —55°C to +125°C 
Supply Voltage to Ground Potential (Pin 16 to Pin 8) Continuous —0.5V to +7.0V 
DC Voltage Applied to Outputs for High Output State —0.5V to +Vece max. 
DC Input Voltage —0.5V to +7.0V 
DC Output Current, Into Outputs 30mA 
DC Input Current —30 mA to +5.0mA 


Am25LS/54LS/74LS160A/161A/162A/163A 


Am54LS/74LS160A, 161A, 162A and 163A 


ELECTRICAL CHARACTERISTICS 
The Following Conditions Apply Unless Otherwise Specified: 


COM’'L TA= O°C to +70°C Vcc = 5.0V + 5% (MIN. =4.75V MAX. = 5.25V) 

MIL Ta = —55°C to +125°C Voc =5.0V+10%  (MIN.=4.50V MAX. = 5.50V) 

DC CHARACTERISTICS OVER OPERATING RANGE 

Parameters Description Test Conditions (Note 1) Min. Typ. (Note 2) Max. Units 


NO 
6) 


< 


Vv Output HIGH Voltage cc 710 
V = MIN. All, | =4mA 
VOL Output LOW Voltage ce OF 
Vin = Vin or VIL 74LS only, lo, =8mMA 
Input HIGH Level Guaranteed input logical HIGH voltage for all inputs 2.0 
i ical LOW | M 
ViL Input LOW Level Guaranteed input logical LO IL 
voltage for all inputs COM’L 
| Input Clamp Voltage Voc = MIN., lin = —18mMA 


Input LOW Current Vcc = MAX., Vin = 0.4V 


Volts 


Volts 


Volts 


V Volts 


|e 


A,B,C,D, ENP 
Load, EN T, CP 


Clear ‘160A, ‘161A 
Clear ‘162A, ‘163A 
Load, CP, EN T 
Clear ‘160A, ‘161A 
Clear ‘162A, ‘163A 
A,B, C, D, EN P 
Load, CP, EN T 
Clear ‘160A, ‘161A 
Clear ‘162A, ‘163A 


NO 
be) 


2 
> 


Oo 
~ 


—0.8 


N 
oO 


Input HIGH Current Vec = MAX., Vin = 2.7V 


oO 
N 


gd : 
N) 


Input HIGH Current Vcc = MAX., Vin = 7.0V 


Output Short Circuit Current 
SC (Note 3) 
Power Supply Current 
CCH All Outputs HIGH 
Power Supply Current 
1 
All Outputs LOW 


Notes: 


N 

o) 

Ee 
ere 


—100 mA 


Voc = MAX. (Note 4) 


Vcc = MAX. (Note 5) 


© 
3 


a 
on 
3 
> | > 


. For conditions shown as MIN. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type. 
. Typical limits are at Voc = 5.0V, 25°C ambient and maximum loading. 

Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 

ICCH is measured with the load input HIGH, then again with the load input LOW, with ali other inputs HIGH and all outputs open. 

lIccL is measured with the clock input HIGH, then again with the clock input LOW, with all other inputs LOW and all outputs open. 


a aoNns 
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Am25LS/54LS/74LS160A/161A/162A/163A 


SWITCHING CHARACTERISTICS 
(Ta = +25°C, Vcc = 5.0V) Am25LS Am54LS/74LS 


Parameters Description in. : : in. : Test Conditions 


t 
Clock to Carry Output 
| 
Clock to Q Output with Load Input HIGH 
t 
Enable T to Carry Output 


t 
Clock to Q Output with Load Input LOW 
tPHL 


20 
12 
10 


Clear to Q Output (Note 1) 


Pulse Width 


Data — A,B,C, D 
y Enable P 
Set-up Time 
Load, Enable T 
Clear (Note 2) 


Hold Time — Any Input 3 
frmax {Note 3) Maximum Clock Frequency 35 50 


Notes: 1. Measured from clear input on ‘LS160A and ‘LS161A. Measured from clock input on ‘LS162A and ‘'LS163A. 
2. Applies to 'LS162A and ‘LS163A only. 
3. Per industry convention, frygx is the worst case value of the maximum device operating frequency with no constraints on ty, te, 
pulse width or duty cycle. 


18 


25 
20 
20 
20 
20 
20 


ee ee 
Pas a 
aa ee 
a 
aa 
[einen a) 
ae 
Pen Ss 
2 
oe 
| 20 | 
| 20 | 
| 20 | 
| 20 | 
ae es 
SO 


Am25LS ONLY 
SWITCHING CHARACTERISTICS 
OVER OPERATING RANGE* 


Am25LS COM’L 


Ta = 0°C to +70°C 
Voc = 5.0V +5% 
Min. Max. 


Am25LS MIL 


Ta = —55°C to +125°C 
Voc = 5.0V +10% 


Parameters Description 


t 
Clock to Carry Output 


Clock to Q Output 
with Load Input HIGH 


Units Test Conditions 


~S 


Ww 
Ls) 


i) 
o 


Enable T to Carry Output 


Clock to Q Output 


with Load Input LOW 
Clear to Q Output (Note 1) 


| 
Pulse Width 


37 
0 
0 

30 


3 
Data — A,B, C, D 3 
| re Enable P 3 
= im 
Present ( regaeeqablent 


Clear (Note 2) | 80 | 
fmax (Note3)| Maximum Clock Frequency 


*AC performance over the operating temperature range is guaranteed by testing defined in Group A, Subgroup 9. 
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OQ 
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Ww 
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Am25LS/54LS/74LS160A/161A/162A/163A 


DEFINITION OF FUNCTIONAL TERMS 


CP Clock pulse. Enters data or counts on the positive-going 
edge. 
CLR Clear. On the Am25LS160A and Am25LS161A, the clear 
is asynchronous. A LOW on the clear sets all four flip-flops 
LOW. On the Am25LS162A and Am25LS163A the clear is 
synchronous. A LOW on the clear sets all four flip-flops LOW 
after the next positive-going clock edge. 
Load Load. When the load is LOW, data on the A, B, C and 
D inputs is transferred to the output on the positive-going 
clock edge. When the load is HIGH, the counter is enabled. 
EN P Enable P. Parallel count enable. Must be HIGH to count. 
EN T Enable T. Serial trickle count enable. Must be HIGH 
to count. 
A, B, C, D The four counter parallel inputs. 
Qa, Qg, Qc, Ap The four counter outputs. 
Carry Output Carry look-ahead circuitry for cascading. Will be 
HIGH when the four-bit counter is maximum (1001 for BCD 
and 1111 for binary). 


Am25LS ¢ Am54LS/74LS 
LOW-POWER SCHOTTKY INPUT/OUTPUT 
CURRENT INTERFACE CONDITIONS 


DRIVEN INPUT 


DRIVING OUTPUT 


Note: Actual current flow direction shown. 


APPLICATIONS 


ai (pea 


~ BOTH e 
HIGH = COUNT | CARRY CARRY 


ENT ae TPUT ENie OUTPUT 
Low 7 DISABLE N 
> CP > CP > CP 
; CLRQq Og QA OQ i CLRQq Og Ac A fi, CLRQ, Og 
-_ PU eee 


Yo Y1 Y2 3 Ya Ys Ye Y7 Yg Yo Yio. Y11 Yi2. Y13 Y14~—Y15 


ADDITIONAL 


CLEAR 


High-speed, look-ahead carry counter for BCD (Am25LS160A or Am25LS162A) or binary (Am25LS161A or 
Am25LS163A). Can count modulo N, N4-to-Ng, or Nq-to-N maximum. 


Metallization and Pad Layout 


CARRY 
OUTPUT 


OA 


QB 


Qc 


Qp 


DIE SIZE 0.072” X 0.082” 
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Am25L35164 - Am54LS/74LS164 


8-Bit Serial-In, Parallel-Out Shift Register 


DISTINCTIVE CHARACTERISTICS 


Gated serial inputs 

Asynchronous clear 

Am25LS devices offer the following improvements over 
Am54/74LS 

— Higher speed 

— 50mV lower VoL at Io = 8mA 

— Twice the fan-out over military range 

— 440uA source current at HIGH output 

100% product assurance screening to MIL-STD-883 
requirements 


FUNCTIONAL DESCRIPTION 


The Am25LS164 and Am54LS/74LS164 are eight-bit, serial 
in/parallel out shift registers built using advanced Low-Power 
Schottky processing. A gated input provides enable/disable 
control over incoming data such that the data can be entered 
or logic zeros can be entered into the register. 


An asynchronous clear input can be used to simultaneously 
clear the eight flip-flops in the device. When the clear input is 
LOW, all internal flip-flops are forced LOW independent of 
the clock input. An incoming data bit is entered into the QO, 
flip-flop and the data in all internal flip-flops is shifted right on 
the LOW-to-HIGH transition of the clock input. 


The Am54LS/74LS164 is a standard performance version of 
the Am25LS164. See appropriate electrical characteristic tables 
for detailed AmM25LS improvements. 


LOGIC DIAGRAM 


SERIAL 
INPUTS | 8 


CONNECTION DIAGRAM 
Top View 


Note: Pin 1 is marked for orientation. 
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LOGIC SYMBOL 


Vcc = Pin 14 
GND = Pin 7 


Am25LS/54LS/74LS164 


Am25LS164 
ELECTRICAL CHARACTERISTICS 
The Following Conditions Apply Unless Otherwise Specified: 


COM’L Ty =0°Cto+70°C Voc = 5.0V #5% MIN.=4.75V MAX. = 5.25V 
MIL Ta = —55°C to +125°C = Vee = 5.0V 410% MIN. =4.50V MAX. =5.50V 
DC CHARACTERISTICS OVER OPERATING RANGE 

Parameters Description Test Conditions (Note 1) 


Voc =MIN., Io = —440nA 


Output HIGH Voltage 
" : Vin = Ving or Va 


Vcc = MIN. 


Output LOW Voltage Vin = Vin or Vib 


Guaranteed input logical HIGH 


Guaranteed input logical LOW 
voltage for all inputs 


Input LOW Level 


Input HIGH Level : 
voltage for all inputs 


Input Clamp Voltage Vec = MIN., lin“ = —18MA 


Clock, Clear 
Input LOW Current Vec = MAX., Vin = 0.4V 


Input HIGH Current Vec = MAX., Vin = 2.7V 


\ Input HIGH Current Vec = MAX.,, Vin = 7.0V 
Isc Output Short Circuit Current Vcc = MAX. 
(Note 3) 


Power Supply Current 
1 
ce (Note 4) 


Notes: 1. For conditions shown as MIN. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type. 


Typical limits are at Voc = 5.0V, 25°C ambient and maximum loading. 


2. 
3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 
4. 


Measured with outputs open, serial inputs grounded, and a momentary ground, then 4.5V applied to the clear input. 


Am25LS ¢ Am54LS/74LS 

MAXIMUM RATINGS (Above which the useful life may be impaired) 
Storage Temperature 

Temperature (Ambient) Under Bias 

Supply Voltage to Ground Potential Continuous 

DC Voltage Applied to Outputs for High Output State 
DC Input Voltage 

DC Output Current, Into Outputs 

DC Input Current 


DEFINITION OF FUNCTIONAL TERMS 


A, B The serial inputs to the device. If either the A input 
is LOW or the B input is LOW, the Qa flip-flop will be 
set LOW on the LOW-to-HIGH transition of the clock. 


Clear §An asynchronous master reset for the eight flip-flops 
in the device. When the clear input is LOW, all 
internal flip-flops are set LOW independent of the 
clock. 


Qa-Oy The eight true outputs of the eight-bit register. 


Clock The clock input to the register. Data is entered into 
the register on the LOW-to-HIGH transition of the 
clock input. 
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—65°C to +150°C 


—55°C to +125°C 
—0.5V to +7.0V 


—0.5V to +Vcc max. 
—0.5V to +7.0V 
30mA 

—30mA to +5.0mA 


Metallization and Pad Layout 


-. Yee 
B 
Qn oH 
Qp Og 
OQ, oe 
05 OE 
Bie CLR 


DIE SIZE 0.066” X 0.090" 


Am25LS/54LS/74LS164 


Am54LS/74LS164 


ELECTRICAL CHARACTERISTICS 
The Following Conditions Apply Unless Otherwise Specified: 


COM’L Tyg =0°Cto+70°C Vec = 5.0V +5% MIN. =4.75V MAX. =5.25V 

MIL Ta =—-55°C to +125°C =9§ Vee = 5.0V 410% MIN. =4.50V MAX. =5.50V 

DC CHARACTERISTICS OVER OPERATING RANGE Typ. 

Parameters Description Test Conditions (Note 1) Min. (Note 2) Max. Units 


Voc = MIN., lop = —400uA 


Output HIGH Voltage Vin = Viv or Vip 


£ 


Vec = MIN. 
VIN = Vin or Vie 


Vin inpur HIGH devel Guaranteed input logical HIGH 
voltage for all inputs 


Guaranteed input logical LOW 
voltage for all inputs 


Output LOW Voltage 


j=) 
~ 


: =) : 
on 


Input LOW Level 


Input Clamp Voltage Vcc = MIN., lin = —18MA 


Input LOW Current Vcc = MAX., Vin = 0.4V 


© 

oS 
C 

> 


Input HIGH Current Vcc = MAX., Vin = 2.7V 


Input HIGH Current Vcc = MAX., Vin = 7.0V 
Output Short Circuit Current 
(Note 3) 


Power Supply Current 
(Note 4) 


N 
os) 
= 
> 


fale 
> 


NO 
N 


Notes: 1. For conditions shown as MIN. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type. 
" “ 2 Oo n . 7 
2. Typical limits are at Vcc = 5.0V, 25 C ambient and maximum loading. 
3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 
4. Measured with outputs open, serial inputs grounded, and a momentary ground, then 4.5V applied to the clear input. 


Am25LS e Am54LS/74LS 
LOW POWER SCHOTTKY INPUT/OUTPUT 
CURRENT INTERFACE CONDITIONS 


DRIVING OUTPUT DRIVEN INPUT 


Note: Actual current flow direction shown. 
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Am25LS/54LS/74LS164 


SWITCHING CHARACTERISTICS 
(Ta = +25°C, Vcc = 5.0V) 


Parameters Description 


Am25LS Am54LS/74LS 


Units Test Conditions 


Note 1. Per industry convention, fmax is the worst case value of the maximum device operating frequency with no constraints on ty, tf, pulse width or duty cycle. 


Am25LS ONLY 
SWITCHING CHARACTERISTICS 
OVER OPERATING RANGE* 


Am25LS COM’L 


Ta =0°Cto +70 C 
Vcc = 5.0V +5% 
Min. Max. 


Am25LS MIL 


TaA=—55 Cto+125°C 
Vcc = 5.0V +10% 


Parameters Description Units Test Conditions 


*AC performance over the operating temperature range is guaranteed by testing defined in Group A, Subgroup 9. 
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Am25LS/54LS/74LS164 


TRUTH TABLE 


t = LOW-to-HIGH transition 
X = Don't care 


ORDERING INFORMATION 


Am25LS164 SN54/74LS164 
Package Temperature Order Order 


Type Range Number Number 


Molded DIP O°C to +70°C AM25LS164PC SN74LS164N 
Hermetic DIP 0°C to +70°C AM25LS164DC SN74LS164J 
Dice 0°C to +70°C AM25LS164XC SN74LS164X 
Hermetic DIP ~55°C to +125°C AM25LS164DM SN54LS164J 
Hermetic Flat Pak —55°C to +125°C AM25LS164FM SN54LS164W 
Dice -55°C to +125°C AM25LS164XM SN54LS164X 


APPLICATION 


DATA 


Am25LS164 Am25LS164 
ENABLE BIN BIN 


Qa Qpg Qc QD Og Qe Qc Qy Qa Op Qc Op Og O¢ Qc Oy 


Bo By Bo 83 By By Bg B7 Bg Bg Big By, By 2843 B44 Bis 


16-Bit Serial In Parallel Out Register. 
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Am25LS168A - Am25LS169A 
Am54LS/74LS168A - Am54LS/74LS169A 


Synchronous Four-Bit Programmable Up-Down Counter 


DISTINCTIVE CHARACTERISTICS 


All operations are synchronous 

Internal look-ahead carry logic for high-speed counting 
Ripple carry output provided for cascading 

One line up/down control 

Changes state on LOW-to-HIGH transition of clock 
Am25LS devices offer the following improvements over 
Am54/74LS 

— Higher speed 

— 5OmV lower VoL at loL = 8mA 

— Twice the fan-out over military range 

— 44QuA source current at HIGH output 

100% product assurance screening to MIL-STD-883 
requirements 


FUNCTIONAL DESCRIPTION 


The ’LS168A and ‘LS169A are fully synchronous program- 
mable up/down counters. All operations occur on the positive 
edge of the clock input. Proper operation only requires the 
user to meet the set-up and hold times. With the LOAD input 
LOW the outputs will be programmed by the parallel data 
inputs on the LOW-to-HIGH transition of the clock. Counting 
is enabled only when EN T and EN P are LOW. The up/down 
inputs (U/D) control of the direction of the count. HIGH 
counts up and LOW counts down. Internal Look-Ahead Carry 
logic and active LOW ripple carry output (RCO) allows for 
high-speed counting and cascading. Duringup count, the RCO is 
LOW at binary 9 for the ‘LS168A (binary 15 for the ‘LS169A) 
and upon down count, it is LOW at binary O (same for the 
‘LS169A). Cascaded operation requires only the RCO to be 
connected to the succeeding block at EN T. 


The Am54LS/74LS168A and 169A are standard performance 
versions of the Am25LS168A and 169A. See appropriate elec- 
trical characteristic tables for detailed AmM25LS improvements. 


LOGIC DIAGRAMS 


"LS168A 


Dole 


Note: Pin 1 is marked for orientation. 
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‘LS169A 


—— 
Ba 


‘S 


x0 


Vcc = Pin 16 
GND = Pin 8 


Am25LS/54LS/74LS168A/169A 


Am25LS168A ¢ Am25LS169A 
ELECTRICAL CHARACTERISTICS 
The Following Conditions Apply Unless Otherwise Specified: 


COM’L Ty, =0°Cto+70°C Vec = 5.0V +5% MIN. =4.75V MAX. =5.25V 

MIL Ta =—-55°Cto+125°C =9Vec = 5.0V 410% MIN.=4.50V MAX. =5.50V 

DC CHARACTERISTICS OVER OPERATING RANGE Typ 

Parameters Description Test Conditions (Note 1) (Note 2) Max. Units 


a [a 


Vec = MIN., loy = —440uA, 
Vin = Vin or Vit 


Output HIGH Voltage Volts 


Vcc = MIN. 
VIN = Vin or Vib 


Output LOW Voltage Volts 


0.45 


Guaranteed input logical HIGH 


VIH NPE eA GEE Bevel voltage for all inputs 


Volts 


Guaranteed input logical LOW MIL 
voltage for all inputs COM’L 


Input Clamp Voltage Vcc = MIN., lin“g = —18MA = 
Hie Input LOW Current Vcc = MAX.,, Vin = 0.4V 
All others 


Vit | — Input LOW Level 


—1.5 Volts 


ow 
oO 


Vcc = MAX., Ving = 2.7V at | 
All others 


“a mee 


Notes: 1. For conditions shown as MIN. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type. 
2. Typical limits are at Vcc =5.0V, 25°C ambient and maximum loading. 
3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 
4. All inputs grounded; outputs open; measured after a ground then 4.5 V on the clock input, 


Input HIGH Current 


‘= 
> 


NO 
oO 


i) 
aS 
= 
~ 
i 
2 
ot 
w 


| 
oo) 
& 


0.15 


Input HIGH Current Vcc = MAX.,, Vin = 7.0V 


0; 
| 
> 


Output Short Circuit Current 
(Note 3) 


Power Supply Current 
(Note 4) 


Am25LS ¢ Am54LS/74LS 
MAXIMUM RATINGS (Above which the useful life may be impaired) 


Storage Temperature ~65°C to +150°C 
Temperature (Ambient) Under Bias -55°C to +125°C 
Supply Voltage to Ground Potential Continuous -0.5V to +7.0V 
DC Voltage Applied to Outputs for High Output State -0.5V to +Vcec max. 
DC Input Voltage -0.5V to +7.0V 
DC Output Current, Into Outputs 30mA 
DC Input Current —-30mA to +5.0mA 
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Am25LS/54LS/74LS168A/169A 


Am54LS/74LS168A ¢ Am54LS/74LS169A 
ELECTRICAL CHARACTERISTICS 
The Following Conditions Apply Unless Otherwise Specified: 


COM’L Ty =0°Cto+70°C Vcc = 5.0V +5% MIN. =4.75V MAX. =5.25V 

MIL Ta =—55°C to +125°C = =9§ Vee = 5.0V 410% MIN. =4.50V MAX. = 5.50V 

DC CHARACTERISTICS OVER OPERATING RANGE Typ 

Parameters Description Test Conditions (Note 1) Min. (Note 2) Max. Units 


| 
COM’'L : 


All, lop =4.0mA 
74LS only, lot = 8.0mMA 


Guaranteed input logical HIGH 
voltage for all inputs 


Vcc = MIN., loy = —400uA, 
VIN = Vin or VIL 


Output HIGH Voltage Volts 


3.4 


Vec = MIN. 
Vin = Vin or Vit 


Output LOW Voltage Volts 


input HIGH Level Volts 


2 


ea 
Ss 
i) - 
o a 


N1N 
fo) Sf ol 


oO 
~“ 


Guaranteed input logical LOW 
voltage for all inputs 


Input LOW Level Volts 


Volts 


Input Clamp Voltage Vec =MIN., linn = —18MA 


= 


Vcc = MAX., Vin, = 0.4V 


Input LOW Current 


EN T 
[ats 


Vac = MAX. 


Notes:1. For conditions shown as MIN. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type. 
2. Typical limits are at Vcc =5.0V, 25°C ambient and maximum loading. 
3. Not more than one output should be shorted ata time. Duration of the short circuit test should not exceed one second. 
4. All inputs grounded; outputs open; measured after a ground then 4.5 V on the clock input. 


Vcc = MAX., Vin = 2.7V 


‘= 
> 


Input HIGH Current 


NO 
os) 


7) 
WwW . 
BRBAGE 
> > 


Input HIGH Current Vcc = MAX., Vin = 7.0V 


Output Short Circuit Current 
(Note 3) 


—100 


3 


Power Supply Current 
(Note 4) 


| 
> 


20 


FUNCTION TABLE 


OUTPUTS 


m 
4 
m 
2 
mo] 


| 


oF a ei 
x mK KKK KICK Oe 


x |x 
x «Ix x<| @ 
ail 


Overflow (‘LS169A) 
(‘LS168A) 

Overflow Inhibit ("LS169A) 
(‘LS168A) 

Underflow 

Underflow Inhibit 


Xx 
Xx 
Xx 
x 
Xx 
X 


~ 1K KKK KK TK KL KL KYO 
xrlK KKK KK LK KI KIL KIO 


xml} uK «KK KK 


Ee 
3 


- 
ft 


rc 
fesseesfesfe alg 
Oo 


Notes: 1. LOW for one clock cycle when maximum count is reached; otherwise HIGH. 
2. LOW for one clock cycle when minimum count is reached; otherwise HIGH. 


HIGH (OQ+t-cK) = Output State Prior to Clock Edge. 
= LOW A/R = Assumes Required State at Output. 
Don’t Care NC = No Change. 
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Am25LS/54LS/74LS168A/169A 


SWITCHING CHARACTERISTICS 
(Ta = +25°C, Vcc = 5.0V) 


Am25LS Am54LS/74LS 


Parameters Description Typ. Max. Units Test Conditions 


= | _ — {| ho] N 
orn oO W]} &) 
NO Q 
Ww ol; oO 


Ry =2.0ka 


N 
o1 


N 
p 


20 
20 


Paes a 
ENP, ENT 
Set-up 


Hold, any Input 
ne 1)} Maximum Clock Frequency 


Note 1. Per industry convention, fma x if the worst case value of the maximum device operating frequency with no constraints on ty, t¢, pulse width or duty cycle. 


NO 


QQ} N 
oO; oO 


NO 
on 


Am25LS ONLY 
SWITCHING CHARACTERISTICS 
OVER OPERATING RANGE* 


Am25LS COM’L Am25LS MIL. 


Ta =0°C to +70°C | Ta = —55°C to +125°C 
Vcc = 5.0V +5% Vcc = 5.0V +10% 


Parameters Description Units Test Conditions 


Clock to Ripple Carry cc. a 
nk ae a Fe 
Clock to Any Q 
ee AN a 
ee Ee ee ee 
Enable T to Ripple Carry 


t es es 
Up/Down to Ripple Carry bi 
Ht ee eel 


A,B,C, D 
ns 
EN T, EN P 


CL = 5O0pF 
RL = 2.0k2 


Set-Up 


*AC performance over operating temperature range is guaranteed by testing defined in Group A, Subgroup 9. 
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Am25LS/54LS/74LS168A/169A 


Am25LS @ Am54LS/74LS DEFINITION OF FUNCTIONAL TERMS 


LOW-POWER SCHOTTKY INPUT/OUTPUT 
CURRENT INTERFACE CONDITIONS 


Clock Pulse. All functions of the counter 
occurs on the positive edge. 


PRINS OEE DRIVEN NEU The four programmable data inputs. 


Parallel Count Enable. Must be LOW to 
count. 


Enables RCO (serial trickle) for cascading 
counters. Must be LOW to count. 


Qna,Qp,9¢,Qp ~The four counter outputs. 


LOAD A LOW enables parallel load of counter 
outputs from inputs. Must be HIGH to 
count. 


Ripple Carry Output. Output will be 
LOW on the maximum count on up 
count, and on 0000 on the down count. 


Up/Down Count Control. HIGH counts 
up and LOW counts down. 


Note: Actual current flow direction shown. 


Metallization and Pad Layouts 


‘LS168A "LS169A 


DIE SIZE 0.084” X 0.099” DIE SIZE 0.084” X 0.099” 
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Package 
Type 
Molded DIP 
Hermetic DIP 
Dice 
Hermetic DIP 
Hermetic Flat Pak 
Dice 


Temperature 
Range 

0°C to +70°C 

0°C to +70°C 

0°C to +70°C 
—55°C to +125 °C 
—55°C to +125°C 
—55°C to +125°C 


Do D1 D2 D3 


ORDERING INFORMATION 


Am25LS168A 
Order 
Number 
AM25LS168APC 
AM25LS168ADC 
AM25LS168AXC 
AM25LS168ADM 
AM25LS168AFM 
AM25LS168AXM 


Am25LS169A 
Order 
Number 
AM25LS169APC 
AM25LS169ADC 
AM25LS169AXC 
AM25LS169ADM 
AM25LS169AFM 
AM25LS169AXM 


APPLICATIONS 


D4 O5 Dé D7 


Am25LS/54LS/74LS168A/169A 


Am54LS/ 
74LS168A 
Order 
Number 
SN74LS168AN 
SN74LS168AJ 
SN74LS168AX 
SN54LS168AJ 
SN54LS168AW 
SN54LS168AX 


Dg Dg 010011 


Am54LS/ 
74LS169A 
Order 
Number 
SN74LS169AN 
SN74LS169AJ 
SN74LS169AX 
SN54LS169AJ 
SN54LS169AW 
SN54LS169AX 


012013014 015 


Synchronous 4-Bit BCD Programmable Up/Down Counter with Hold on Underflow and Overflow, enabled 
by LOAD, Single count sequence per load cycle. 


CLOCK 
COUNTER ENABLE 


Do Dy Dg Dg 


cP 
_ LS169A 
i>) 


D4 Dg Dg D7 


_ LS169A 


OUTPUT 


Programmable Divide By N. 
Example: Divide By 127, Load (N-1) or 126 = 01111110. 
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Am25LS170-Am25LS670 
Am54LS/74LS170-Am54LS/74LS670 


4-BY- 4 Register File with 3-State or Open Collector Outputs 


FUNCTIONAL DESCRIPTION 


The Am25LS170 and 670 are 16-bit low-power Schottky 
register files. The file is organized as 4 words of 4-bits each 
with separate on-chip address decoding for read and write. 
This permits simultaneous read and write operations either to 
the same or different addresses. 


DISTINCTIVE CHARACTERISTICS 


Separate read/write addressing 
Simultaneous read and write 
4-word by 4-bit organization 
Am25LS170 has open collector outputs 
Am25LS670 has three-state outputs 
Cascadable to m words of n bits (Mod 4) 
Used as 
— Scratchpad memory 
— Buffer storage with timing synchronizing 
— Storage for fast multiply (signal processing) 
@ Am25LS devices offer the following improvements over 
Am54/74LS 
— Higher speed 
— 50mV lower Vo at loL = 8mMA 
— Twice the fan-out over military range 
— 440uA source current at HIGH output 
@ 100% product assurance screening to MIL-STD-883 
requirements 


Four data inputs are used to supply the 4-bit data word to be 
stored. The Wa and Wep inputs supply the write address while 
the Gy supplies the write enable. Four data outputs (Og to 
03) are selected from data word cells by the Ra and Rp 
address. The output is available if the read enable Gp is LOW. 
The register file performs a non-destructive readout. The 
Am25LS170 has open collector qutput for convenience of 
collector ORing while the Am 670 provides three-state 
outputs for bus selection. 


The Am54LS/74LS170 
versions of the Am25| 
characteristic tables’ 


andard performance 
70. Sé# appropriate electrical 
25LS improvements. 


LOGIC DIAGRAM 


OUTPUTS 
LS170 OC 
LS670 3-STATE 


(7) Q3 


READ SELECTOR 


(14) Wa 


WRITE 
DECODE 
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Am25LS/54LS/74LS170/670 


CONNECTION DIAGRAM LOGIC SYMBOL 
Top View 


Veo D1 Wa 


Note: Pin 1 is marked for orientation. 


Am25LS170 * Am25LS670 
ELECTRICAL CHARACTERISTICS 


The following conditions apply unless otherwise specified: 


COM’L Tp =0 Cto+70°C Vec = 5.0V + 5% (MIN. = 4.75V, MAX. = 5.25V) 
MIL Ta = —55°C to +125°C Veco = 5.0V + 10% (MIN. = 4.50V, MAX. = 5.50V) 
DC CHARACTERISTICS OVER OPERATING RANGE 
Sait a. Typ. 
Parameters Description Test Conditions (Note 1) Min. (Note2) Max. Units 


Output HIGH Voltage Vcc = MIN. MIL, 10H = —1.0mA 


d 
inpue HIGH Reval Guaranteed input logical HIGH 
voltage for all inputs 
ViL isac LOW Level Guaranteed input logical LOW 
voltage for all inputs COM’'L 
(un: ine cmp vaiee ein een 
Any D, R, or W 
Nie Input LOW Current Vec = MAX.,, Vin =0.4V GR (LS170) or GW 
GR (LS670) 
Any D, R, or W 
NH Input HIGH Current Vec = MAX., Vin = 2.7V GR (LS170) or GW 
GR (LS670) 
Any D, R, or W 


Input HIGH Current Vcc = MAX., Vin = 7.0V GR (LS170) or GW 
GR (LS670) 


Output Leakge Vec = MIN., VoH = 5.5V, 
(‘LS170 Only) Vin = Vin or Vit 


Off-State (High-I mpedance) Vv MAX. |Vo=04V PVo=04V000 AV 
Oz Output Current (‘LS670 Only) cc” Vo = 2.7V 


sc Output Short Circuit Current (Note 3) | Voc = MAX. 


Power Supply Current (Note 4) 


Vec =MIN., 
VIN = Vin or Vin 


Output LOW Voltage 


NO . 
EF 


o/o 

le 

it 
> 


~~ 
Sl 
oO 


30 


a" : 
N 
© 
‘= 
SB 


Notes: 1. For conditions shown as MIN. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type. 
2. Typical limits are at Vcc = 5.0V, 25°C ambient and maximum loading. 
3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 
4. Measured with 4.5V applied to all data inputs and both enable inputs, all address inputs grounded and all outputs open. 


Am25LS ¢ Am54LS/74LS 
MAXIMUM RATINGS (Above which the useful life may be impaired) 


Storage Temperature ~65°C to +150°C 
Temperature (Ambient) Under Bias -55°C to +125°C 
Supply Voltage to Ground Potential Continuous -0.5V to +7.0V 
DC Voltage Applied to Outputs for High Output State -0.5V to +Vcc max. 
DC .Input Voltage —0.5V to +7.0V 
DC Output Current, Into Outputs 30mA 
DC Input Current . -30mA to +5.0mA 
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Am25LS/54LS/74LS 170/670 


Am54LS/74LS170 * Am54LS/74LS670 
ELECTRICAL CHARACTERISTICS 


The following conditions apply unless otherwise specified: 


COM’L Ty, =0°Cto+70°C Vcc = 5.0V + 5% (MIN. = 4.75V, MAX. =5.25V) 
MIL Ta = —55°C to +125°C Vcc =5.0V + 10% (MIN. = 4.50V, MAX. = 5.50V) 
DC CHARACTERISTICS OVER OPERATING RANGE 
ne Typ. 
Parameters Description Test Conditions (Note 1) Min. (Note2) Max. Units 


MIL, loH = —1.0mA 
COM'L, Ioy = —2.6mA 
All, lop = 4.0m 


74LS Only, 
loL =8.0mA 


4 
3 Volts 


Output HIGH Voltage Vcc = MIN. 
(‘LS670 Only) VIN = Ving or Vib 


Vcc = MIN., 
Vin = Vin or Vit. 


Vin input HIGH Level Guaranteed input logical HIGH 
voltage for all inputs 
: ; MIL 
Vib tapurLOW Lawl Guaranteed input logical LOW 
voltage for all inputs COM’'L 


Input Clamp Voltage Vec = MIN., lin, = —18MA 


Hie Input LOW Current Voc = MAX., Vin = 0.4V 


Output LOW Voltage Volts 


Volts 


NO 
Oo 


Oo 
“Nw 


OS;9;9 
wir |= 


Volts 


Volts 


Any D, R, or W 
GR (LS170) or GW 
GR (LS670) 

Any D, R, or W 
GR (LS170) or GW 
GR (LS670) 

Any D, R, or W 
GR (LS170) or GW 
GR (LS670) 


—1.2 


N 
oO 


BS 
j=) 
= 


WH ~ Input HIGH Current Vcc = MAX., Vin = 2.7V 


pu Input HIGH Current Vcc = MAX., Vin = 7.0V 
' Output Leakge Vcc = MIN., Vou = 5.5V, 
oe (‘LS170 Only) VIN = Ving or Vit. 
Off-State (High-Il mpedance) 7 
Output Current (‘LS670 Only) VeC=Max: 


Output Short Circuit Current (Note 3) 


Power Supply Current (Note 4) 


> 


m 


N 
jo) 
= 


3 


ng 
a 


Vo = 0.4V 


3 


: SE 
BLA 


N 

o 
‘= 
> 


: 


170 
670 


Vcc = MAX. 
3 


Ee 
oO; oa 
‘e | 
° 3 
3 
> [> 


1. For conditions shown as MIN. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type. 
2. Typical limits are at Vcc = 5.0V, 25°C ambient and maximum loading. 

3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 

4. Measured with 4.5V applied to all data inputs and both enable inputs, all address inputs grounded and all outputs open. 


Si 
DEFINITION OF FUNCTIONAL TERMS TRUTH TABLE 


D1 —Dq4 _ Data Input. Input data bit 1 through bit 4 repre- Ai Md dl 
senting one word to be entered into the device. We Wa Gy | 


Ra Rp_ Read Word Select. Selects word 0 through word 3 
to be read out. 

GR Read Enable. Gates output of LS170 and enables 
three-state output on LS670.; 


WA Write Word Select. Selects which word is to be 


written. READ INPUTS | OUTPUTS 
Gw Write Enable. The selected word will be written Rp Ra G Q4 Q2 Q3 04 
L L 


when the Gw goes LOW. & 
Output data bits 1 through 4 available during read L 
select (GR) otherwise HIGH for LS170 (open col- L 
lector) or high impedance for LS670 (three-state). H L 


H 
LS170 Only: 
x x H 
LS670 Only: 
x x H Zz 


Notes: 1.H = HIGH level, L = LOW level, X = Don't Care, 2 = HIGH 
impedance. 
2. (Q=D) the selected F/F will assume the state of Djn. 
3. NC = the level of O previously established (no change). 
4. WjBj =i = the word read, 
j = the bit read. 


3-77 


Am25LS/54LS/74LS170/670 


SWITCHING CHARACTERISTICS . 
(Ta = +25°C, Vec = 5.0V) Am25LS Am54LS/74LS 


Parameters Description 


t 

ee re 
t 

Write Enable Gy to Q; - 
t 

Data Dj to Q; 


Units Test Conditions 


Ns 


ns 


Read Enable GR to Q; ns RE = 2.0k2 
r 
Wa, We t Sw : 
E 
—_______| 

Wa, Wp to Gy ns 

tow Gy or GR ns | 

TLATCH Latch Time for New Data ns 
Am25LS170 ONLY 

Am25LS COM’L Am25LS MIL 
SWITCHING CHARACTERISTICS - . : 
OVER OPERATING RANGE* Ta=OCto+70C | Ta=—55 °C to +125°C 
Vcc = 5.0V +5% Vcc = 5.0V +10% 

Parameters Description Min. Max. Min. Max. Units Test Conditions 


t 
Ra. Re, 


Ci = 50pF 
Ru = 2.0k2 


* AC performance over the operating temperature range is guaranteed by testing defined in Group A, Subgroup 9. 


Am25LS @ Am54LS/74LS 
LOW-POWER SCHOTTKY INPUT/OUTPUT 
CURRENT INTERFACE CONDITIONS 


LS670 | 


| ‘LS170 
DRIVING OUTPUT 


DRIVEN INPUT DRIVING OUTPUT 


va IOL 
F 


Note: Actual current flow direction shown. 
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Am25LS/54LS/74LS170/670 


Am25LS670 e Am54LS/74LS670 
SWTCHING CHARACTERISTICS 
(Ta = 25°C, Vcc = 5.0V) Am25LS Am54LS/74LS 


=) 


Wa, Wp to Gy 
TLATCH 


a 


a] 
MI) HL nti ni nit un 


ty 
ts 
tH 


3 


=) 


=) 


Parameters Description Min. Typ. Max. | Min. Typ. Max. Units Test Conditions 
2H a ae a 
ee 7 
ie eee eae Ses ee 
bo ee ee 
OR eee See tae ae ee 
i ae 
Pe We es We ee 


od 
2 


Am25LS MIL 


Ta = —55°C to +125°C 
Vcc = 5.0V +10% 


Am25LS COM'L 


Ta =0°C to +70°C 
Vcc = 5.0V +5% 
Test Conditions 


Read Select 


Ra Rig, 10 0 


Write Enable 
Gw 100, 
t 


*AC performance over the operating temperature range is guaranteed by testing defined in Group A, Subgroup 9. 
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Am25LS/54LS/74LS170/670 


ORDERING INFORMATION 


Am54LS/ Am54LS/ 
Am25LS170 Am25LS670 74LS170 74LS670 
Package Temperature Order Order Order Order 
Type Range Number Number Number Number 


Molded DIP O°C to +70°C AM25LS170PC AM25LS670PC SN74LS170N SN74LS670N 
Hermetic DIP 0°C to+70°C  AM25LS170DC AM25LS670DC SN74LS170J SN74LS670J 
Dice O°Cto +70°C AM25LS170XC AM25LS670XC SN74LS170X SN74LS670X 
Hermetic DIP -55°C to +125°C AM25LS170DM AM25LS670DM SN54LS170J SN54LS670J 
Hermetic Flat Pak -55°C to +125°C AM25LS170FM AM25LS670FM SN54LS170W SN54LS670W 
Dice -55°C to +125°C 1 AM25LS170XM AM25LS670XM SN54LS170X SN54LS670X 


APPLICATION 


Do O O 00 

D4 e OO O71 

D2 0 O 02 
8-BIT 8-BIT DATA WORD 

DATA WORD OUTPUT DELAY 
INPUT BY OFFSET 
Wa We 
D4 O O 04 
Ds O O O05 
Am25LS170/670 
DEO O 06 
D7O O 07 


: Qa Ag 
CK Am25LS161 CLR FO Am25LS161 LD #O 
ENP NP A B 


CLOCK a eee 21 
OFFSET 
ENABLE 


20 


Delay variable by clock times offset 0, 1, 2, 3. System is expandable in width and length and is the basis of 
a digital auto correlator. 


Variable Digital Delay Buffer 
(Auto Gorrelator) 
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Am25LS174 ¢ Am54LS/74LS174 
Am25LS175 ¢e Am54LS/74LS175 


Hex/Quadruple D-Type Flip Flops With Clear 


DISTINCTIVE CHARACTERISTICS 


4-bit and 6-bit parallel registers 

Common clock and common clear 

Positive edge-triggered D flip-flops 

Am25LS devices offer the following improvements over 
Am54/74LS 

— Higher speed 

— bOmV lower VoL 

— Twice the fan-out over military range 

— 440uA source current 

100% product assurance screening to MIL-STD-883 
requirements 


FUNCTIONAL DESCRIPTION 


The Am25LS174 is a six-bit register and the Am25LS175 
is a four-bit register built using advanced Low Power 
Schottky technology. The registers consist of D-type flip- 
flops with a buffered common clock and an asynchronous - 
active LOW buffered.clear. 


When the clear is LOW, the O outputs are LOW independent 
of the other inputs. Information meeting the set-up require- 
ments of the D inputs is transferred to the OQ outputs on the 
positive-going edge of the clock pulse. 


For versions of these devices having a common enable 
rather than clear see AmM25LSO7 and Am25LS08. 


The Am54LS/74LS174 and 175 are standard performance 
versions of the Am25LS174 and 175. See appropriate 
electrical characteristic tables for detailed Am25LS im- 
provements. 


LOGIC DIAGRAMS 


"LS174 


CONNECTION DIAGRAMS 
Top Views 


"LS175 


D3 Do a 


‘LS174 


1 


CL 


3 
a 
Qo 


Note: Pin 1 is marked for orientation. 
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LOGIC SYMBOLS 


"LS174 "LS175 


171.10 14 15 


Vec = Pin 16 
GND = Pin 8 


Am25LS/54LS/74LS174/175 


ELECTRICAL CHARACTERISTICS The following conditions apply unless otherwise specified: 


COM’'L Ta = 0°C to +70°C Vcc = 5.0V + 5% (MIN. =4.75V MAX. = 5.25V)- 

MIL Ta = —55°C to +125°C Veco =5.0V+10%  (MIN.=4.50V MAX. =5.50V) 

DC CHARACTERISTICS OVER OPERATING RANGE Typ. 

Parameters Description Test Conditions (Note 1) Min. (Note 2) Max. Units 


VOH Output HIGH Voltage cc OH 
Vin = Vin or VIL COM’'L 77 
VOL Output LOW Voltage CC OoL=4m 
Vin = Vinor Vit loL = 8mA 
Input HIGH Level Guaranteed input logical 
Guaranteed input logical 
ViL 


HIGH voltage for all inputs 
a 
eee 
— 
—15 


Input LOW Current Vcc = MAX., Vin = 0.4V Clock, CL 
Input HIGH Current Vcc = MAX,., Vin = 2.7V 


NH 
' Output Short Circuit Current 
sc (Note 3) 08 me 
Power Supply Current 
(Note 4) 
\m54LS/74LS174/175 
=LECTRICAL CHARACTERISTICS The Following Conditions Apply Unless Otherwise Specified: 
SOM’L = Ty = O°C to +70°C Vcc = 5.0V + 5% (MIN. =4.75V MAX. =5.25V) 
JIL TA= —55°C to +125°C Vcc = 5.0V + 10% (MIN. =4.50V MAX. = 5.50V) 
IC CHARACTERISTICS OVER OPERATING RANGE Typ. 
-arameters Description Test Conditions (Note 1) Min. (Note 2) Max. Units 


Ww 
B.S 


VOL Volts 


Vcc = MIN All, | =4mA 
Output LOW Voltage cc OL 
Vin=Vinor Vit | 74LS only, Io, =8mA Ine I 
Guaranteed input logical 
ViH Input HIGH Level HIGH voltage for all inputs 2.0 ee aia Volts 
) AnEALS co 
Vit Input LOW Level 


Am74LS 
Vi Input Clamp Voltage Vec = MIN., lj = —18MA 


v | Output HIGH Voltage Voc =MIN., lo =—400nA | Am74LS 2.7 cae 
utpu olta ae 


Guaranteed input logical 
LOW voltage for all inputs 


3 
> 


NH Input HIGH Current Vcc = MAX., Vin = 2.7V 


iy Input HIGH Current Vcc = MAX., Vin = 7.0V 


= 


0.1 mA 
Output Short Circuit Current 
Isc (Note 3) Vcc = MAX. —15 —100 m 
Power Supply Current Ver = MAX LS174 ee ee eee mA 


Notes: 1. For conditions shown as MIN. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type. 
2. Typical limits are at Voc = 5.0V, 25°C ambient and maximum loading. . 
3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 
4. All outputs open and 4.5V applied to the data and clear inputs. Measured after a momentary ground, then 4.5V applied to the clock input. 


MAXIMUM RATINGS (Above which the useful life may be impaired) 
Storage Temperature —65°C to +150°C 


Temperature (Ambient) Under Bias —55°C to +125°C 
Supply Voltage to Ground Potential Continuous —0.5V to +7.0V 
DC Voltage Applied to Outputs for High Output State —0.5 V to +Vec max. 
DC Input Voltage . —0.5V to +7.0V 
DC Output Current, Into Outputs | 30mA 


DC Input Current —30 mA to +5.0mA 


Am25LS/54LS/74LS174/175 


SWITCHING CHARACTERISTICS 
(Ta = +25°C, Vcc = 5.0V) 


Am54LS/74LS 


Am25LS 


Units Test Conditions 


Parameters Description 


Am25LS ONLY 
SWITCHING CHARACTERISTICS 
OVER OPERATING RANGE* 


Ta = 0°C to +70°C 
Vcc = 5.0V +5% 


Ta = —55°C to +125°C 
Vcc = 5.0V +10% 


Parameters Description Units Test Conditions 


t 
Clock to Output 


lock 


Data Set-up Time 


P| | 30 
Set-up Time Clear Recovery 

pe (In-active) to Clock pao | 

Pty | DataHoia time 

[fmax | Maximum Clock Frequency (Notet) [30 


*AC performance over the operating temperature range is guaranteed by testing defined in Group A, Subgroup 9. 


DEFINITION OF FUNCTIONAL TERMS 


D; The D flip-flop data inputs. CP Clock pulse for the register. Enters data on the positive 
CL Clear. When the clear is LOW, the Qj; outputs are LOW, transition. 
regardless of the other inputs. When the clear is HIGH, data Q; The TRUE register outputs. 


can be entered in the register. Q; The complement register outputs. 


Am25LS @ Am54LS/74LS FUNCTION TABLE 
LOW-POWER SCHOTTKY INPUT/OUTPUT 


CURRENT INTERFACE CONDITIONS 


DRIVING OUTPUT ORIVEN INPUT 


L 


Xx 
H L 
H H 
H t 
H t 


H = HIGH X = Don’t Care 
L = LOW NC = No Change 
t = LOW-to-HIGH Transition 


Note: Qj on Am25LS175 only. 
Q; on Am54LS/74LS175 only. 


| 
| 
| 
| 
| 
| 
Ion | NH 


| 

| 

| 
a 


Note: Actual current flow direction shown. 
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Am25LS/54LS/74LS174/175 


APPLICATION 


| WORD A 
acl .. 
4 
CLOCK 1 
CLEAR 1 
RECIRCULATE 
R oe 
; neatepeee eed . 
QUAD 128-BIT WORD 8 
é STATIC SHIFT ‘ 
REGISTER 
4 
cP 
4 
CLOCK 
CLOCK 2 
CLEAR? 
\ 
2 
- WORD C 


CLOCK 3 


CLEAR 3 


Low-Power Schottky registers interface directly with many MOS shift registers. 


Metallization and Pad Layouts 


"LS174 "LS175 
—E 1 16 Vec 
Qo 2 15 Q3 
(ae 

Sse ee a. 3 14 03 
Do 4 13. Dag 

D, 5 12 Dg 

Q, 6 11. G5 

Q4 7 10 Q9Q 

GND 8 g cP 

DIE SIZE 0.075”" X 0.084” DIE SIZE 0.075” X 0.061” 
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Am25LS181 ¢ Am54LS/74LS181 


Four-Bit Arithmetic Logic Unit/Function Generator 


DISTINCTIVE CHARACTERISTICS 


@ Performs 16 arithmetic operations including add, subtract, 
double and compare 

@ Full look-ahead capability for high speed arithmetic oper- 
ation on long words 
Am25LS devices offer the following improvements over 
Am54/74LS 
— Higher speed 
— 50mV lower VoL 
— Twice the fan-out over military range 
— 440uA source current 
100% product assurance screening to MIL-STD-883 
requirements 


FUNCTIONAL DESCRIPTION 


The Am25LS$181 is a 4-bit, high-speed parallel Arithmetic 
Logic Unit (ALU)/Digital Function Generator. When the mode 
control (M) is LOW the 16 arithmetic operations are performed 
under the control of the four select inputs. When the mode 
control is HIGH the sixteen logic operations are performed on 
an individual bit basis between the two 4-bit parallel words 
under the contro! of the four select inputs. 


An internal full look-ahead carry scheme is used for high-speed 
arithmetic operations and provision is made for further look- 
ahead by including both carry propagate (P) and carry generate 
(G) outputs. 


An open collector output A = B is used to signal the equiva- 
lence of the two parallel words. The open collector feature 
allows for the equivalence function to be expanded as a 
wired-AND connection for larger word lengths. 


In many systems, the carry output Cy+q is connected to the 


next higher Cpy to provide ripple block arithmetic. The ALU. 


can be used with either active HIGH or active LOW inputs and 
can be ripple expanded or full look-ahead expanded in either 
mode. The connection pattern is identical for either logic 
representation. 


The Am54LS/74LS181 is a standard performance version of 
the Am25LS181. See appropriate electrical characteristic 
tables for detailed AmM25LS improvements. 


CONNECTION DIAGRAM 
Top View 
B, Az B; P 
a 


15 


9 
# 
Fo 


: Pin 1 is marked for orientation. 


Sy 
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LOGIC DIAGRAM 


Billirss = a 
Ho f= 
iii ia oe 


LOGIC SYMBOLS 


ACTIVE LOW 
‘23,22 21 20 


ACTIVE HIGH 
23 22 21 20 


Vec = Pin 24 
GND = Pin 12 


Am25LS/54LS/74LS181 


Am25LS181 
ELECTRICAL CHARACTERISTICS 
The Following Conditions Apply Unless Otherwise Specified: 


COM’L Ty =0°C to +70°C Vcc = 5.0V + 5% (MIN.=4.75V MAX. = 5.25V) 
MIL Ta = —55°C to +125°C Vee = 5.0V + 10% (MIN. =4.50V MAX. =5.50V) 
DC CHARACTERISTICS OVER OPERATING RANGE 
Typ. 
Parameters Description Test Conditions (Note 1) Min. (Note 2) Max. Units 


Output HIGH Voltage 
(Except A = B Output) 


Volts 
Vec = MIN, efibarluls oa ee 


ptoneeme 8 0.48 | Volts 
p  Gilor= tema: pf 0s 


L 
poMIL 


VIL Volts 
ue COM’L oul at 8 ee 


Output HIGH Current Vcc = MIN., Voy = 5.5V ik 
for A = B Output VIN = ViH or Voip 
NL 


Input LOW Current Vec = MAX., Vin = 0.4V 


VOH 


V Output LOW Voltage 
0 a 2 Vin = Vin or Vie 


Guaranteed input logical LOW voltage 
for all inputs 


Input LOW Level 


Input HIGH Current 


Vcc = MAX.,, Vin = 2.7V 


Input HIGH Current 


Output Short Circuit Current 
(Note 3) (Except A = B Output) 


Power Supply Current (Note 4) 


Vcc = MAX., Vin = 5.5V 


1. For conditions shown as MIN. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type. 
2. Typical limits are at Vcc = 5.0V, 25°C ambient and maximum loading. 
3. Not more than one output should be shorted at atime. Duration of the short circuit test should not exceed one second. 
4, loc 1s measured under two conditions — typ. and max. apply to both. 
A. S;, M, Aj at 4.5V; all other inputs grounded; outputs open. 
B. Sj, M at 4.5V; all other inputs grounded; outputs open. 


Am25LS e Am54LS/74LS 
MAXIMUM RATINGS (Above which the useful life may be impaired) 


Storage Temperature —65°C to +150°C 
Temperature (Ambient) Under Bias —55°C to +125°C 
Supply Voltage to Ground Potential (Pin 24 to Pin 12) Continuous —0.5V to +7V 
DC Voltage Applied to Outputs for HIGH Output State —0.5V to +Vcc max. 
DC Input Voltage ; —0.5V to +5.5V 
DC Output Current, Into Outputs 30mMA 


DC Input Current —30mA to +5.0mA 
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Am25LS/54LS/74LS181 


Am54LS/74LS181 
ELECTRICAL CHARACTERISTICS 
The Following Conditions Apply Unless Otherwise Specified: 


COM'L TA = 0°C to +70°C Vcc = 5.0V + 5% (MIN. =4.75V MAX. = 5.25V) 
MIL Ta = —55°C to +125°C Vec =5.0V+10%  (MIN.=4.50V MAX. = 5.50V) 
DC CHARACTERISTICS OVER OPERATING RANGE : 
yp. 
Parameters Description Test Conditions (Note 1) Min. (Note 2) Max. Units 


Vai Output HIGH Voltage Vcc = MIN., lo = —400uA 2.5 
(Except A = B Output) Vin = Vin or Vib COM'L 27 
Ail outputs, lop = 4mA 


Am74LS only 
All outputs, lo, =8mA 


REF ied 
b 


Vcc = MIN. 


Output LOW Voltage 
: Vin = Vin or Vit 


Vin Input HIGH Level Guaranteed input logical HIGH voltage 20 
for all inputs 


: : MIL 
Vit put LOW Cevel Guaranteed input logical LOW voltage PML 
for all inputs COM’'L 


Input Clamp Voltage Vec = MIN., ly = —18MA 


Output HIGH Current Vcc = MIN., Voy = 5.5V 
for A = B Output VIN = Vin or Vib 


1OH 


Vie Input LOW Current Vcc = MAX., Vin = 0.4V 
i 


hy Input HIGH Current Vcc = MAX., Vin = 2.7V 


eo Input HIGH Current Vcc = MAX., Vin = 5.5V 
{ Output Short Circuit Current | 
2G (Note 3) (Except A = B Output) 


Power Supply Current (Note 4) 


N 


>| 
1°] 
s 
BI 
NO 
isle , 
< 
> 


i?) 
3 


a} | >| Y 
9 
aI 


>] 


Zs 
oO 


MIL 
COM'L 
MIL 
COM'L 


[ep) 
o;oO 
t | ia 
3 
> 


Vcc = MAX. 


ii 
NI NTN 
Oo;o 
w| ©] w 
ses 
3 
> 


sf 
—=a/ a 
1e%) 
~N 


1. For conditions shown as MIN. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type, 
2. Typical limits are at Vcc = 5.0V, 25°C ambient and maximum loading. 
3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 
4. loc is measured under two conditions — typ. and max. apply to both. 
A. Sj, M, Aj at 4.5V; all other inputs grounded; outputs open. 
B. Sj, M at 4.5V; all other inputs grounded; outputs open. 


Notes: 
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Am25LS/54LS/74LS181 


Am25LS181 e Am54LS/74LS181 
‘SWITCHING CHARACTERISTICS 
(Ta = 25°C, Vcc = 5.0V) 

(CL = 15pF, Ry = 2.0kQ) 


Parameter From (Input) To (Output) 


Am25LS181 
Min. Typ. Max. 


Am54LS/74LS181 
Min. Typ. Max. 


27 
20 
26 
20 


Units Test Conditions 


M=0V 
(SUM or DIFF mode) 


M = OV, Sg = $3 = 4.5V, 

S1 = S9 = 0V (SUM mode) 
M = OV, Sg = $3 = OV, 
S, = S9 = 4.5V (DIFF mode) 
M = OV, So = S3 = 4.5V, 
Sq = Sp = OV (SUM mode) 
M = OV, Sg = $3 = OV, 
S1 = S92 =4.5V (DIFF mode) 
M = OV, Sg = $3 = 4.5V, 
S; = S2 = 0V (SUM mode) 
M = OV, So = $3 = OV, 
S1 = So = 4.5V (DIFF mode) 


n M = 4.5V (LOGIC mode) 


M = OV, Sg = S3 = 4.5V, 
S1 = Sp =0V (SUM mode) 
M = OV, Sg = $3 = OV, 
S1 = S92 = 4.5V (DIFF mode) 
M = OV, Sg = $3 = OV, 

S1 = S2 = 4.5V (DIFF mode) 


NO 
o 


N 
Oo 


ns 
ns 


N 
Le) 


23 


o1 
Ww 
NO 


sao 


S =) 
77) wn n w“ n 7) ” n 7) 


N 
o1 


26 


NO 
o>) 
ie) 
i) 


=) 


NO 
oO 
NO 
Oo 
W 
oO 


No 
co») 
NO 
co) 
ie?) 
>) 


oa 


5 


20 


N 
i¢8) 
NO 


| 


23 


NO 
NO 


wo Wl? NINM N NO —_ 
_ OC} WO} | © + 


29 


NO] NR 
ory) oO 
5 


— — = NO >=/nmo}i- _'/ |] 

-}|0 ie] Or} — | N “Ni m] Ol WN! 
iv) 
1c) 


Ww 
0 


NO 

ss 
2) io) Ww ee) NO 
ND => 00 OO N <e) 


NO 
~N 
Be 


NO 
~ 
£ 
= 


1¢) 


o1 


0 


th 


S1 =S9 =M=0V 
So = $3 = 4.5V (SUM mode) 
Sg = $3 =M=0V 
S1 =S2 =4.5V (DIFF mode) 


61) G1 Ol!) GW) SB] O11] W]@] WI] GIN 


OPERATION TABLE 


ACTIVE-HIGH DATA ACTIVE-LOW DATA 


Cy =H Chal Logic Ch=Ll Cyh=H 
(No Carry) (With Carry) Functions (No Carry) (With Carry) 
cr a Cs are 


A. 
- AB F=A+B F = (A+B) Plus 1 F = AB Minus 1 
0 
= ( R 


ne 
= 
= 
= 
1] a 
DI 


; 

nin 
Ta 
DI | dl 
ve) 


pe Qe Se Oe Oe OO ee OO es OO ee DO 


: 


nim 
nyu 
>| 
+ 
w 


F = 
F = Minus 1 (2’s Compl.) | F = Zero 1 F = Minus 1 (2’s Compl.) 
‘F = AB Plus (A + B) F = AB Plus (A + B) Plus 1 

F 
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+ 
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B F = A Plus B Plus 1 


F = AB PlusA F = AB Plus A Plus 1 
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F=Ae¢B | F=A PlusB F = A Plus B Plus 1 
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*Each bit is shifted to the next more significant position. 


Am25LS/54LS/74LS181 


a alete 
SWITCHING CHARACTERISTICS lee = 


OVER OPERATING RANGE* Ta = O°C to +70°C =| Ta = —55°C to +125°C 
(C_ = SOpF, Ry = 2.0kQ) Voc = 5.0V +5% Voc = 5.0V +10% 
Parameters From (Input) To (Output) Min. Max. Min. Max. Units Test Conditions 


M = OV, So = S3 = 4.5V, 
S1 = So = OV (SUM mode) 
M = OV, Sg = S3 = OV, 
S1 = So = OV (DIFF mode) 
M = OV, So = S3 = 4.5V, 
S; = Se = OV (SUM mode) 
M = OV, So = S3 = 4.5V, 
S1 = So = 4.5V (DIFF mode) 
M = OV, So = S3 = 4.5V, 
S; = So = OV (SUM mode) 
M = OV, So = S3 = OV, 
S; = So= = 4.5V (DIFF mode) 


mip WwW 
® lt! Bl & 


M = 4.5V (LOGIC mode) 


Ww 
N 


= OV, So = S3 4.5V, 
i = Sp = OV (SUM mode) 
M = OV, So = S3 OV, 
= So = 4.5V (DIFF mode) 
M = OV, Sg = S3 = OV, 
= So = 4.5V — mode) 
S; = So = M = OV, 
So= zl = 4.5V sum mode) 
= So = 4.5V Bie sade) 


: 
~~ 


NO 


* AC performance over the operating temperature range is guaranteed by testing defined in Group A, Subgroup 9. 
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DEFINITION OF FUNCTIONAL TERMS 


Ao, A1, Az, A3_ The A data inputs. 
Bo, By, Bz, B3_ The B data inputs. 


So, $1, $2, $3 The control inputs used to determine the 


arithmetic or logic function performed. 
Fo, Fi, Fa, F3 The data outputs of the ALU. 


M The mode control inputs used to select either the arith- 
metic or logic operations. 

Cy The carry-in input of the ALU. 

Cn+4 The carry-look-ahead output of the four-bit input field. 
G The Carry-generate output for use in multi-level look- 
ahead schemes. 

P The Carry-propagate output for use in multi-level look- 
ahead schemes. 


A=B8B The open collector comparator output that can be used 
to determine equivalence. This output is HIGH whenever the 
four F outputs are HIGH. 


Am25LS/54LS/74LS181 


USER NOTES 


1, 


Throughout this data sheet, the active LOW input and 
output terminology has been used. For the active HIGH 
definition, the nomenclautre shown under the active 
HIGH logic symbol should be substituted. 


. Arithmetic operations are performed on a word basis. 
. Logic operations are performed on a bit basis. 
. Arithmetic in 1’s complement notation requires an end 


around carry. 


. Subtraction in 2’s complement notation requires a carry 


in (Cp = HIGH) for the active LOW case and (C, = LOW) 
for the active HIGH case. 


. The A =B output only indicates that the four F outputs 


are all HIGH. 


LOW POWER SCHOTTKY INPUT/OUTPUT 
CURRENT INTERFACE CONDITIONS 


A = B OUTPUT 


DRIVING OUTPUT 


DRIVEN INPUT 


Note: Actual current flow direction shown. 
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Am25LS/54LS/74LS181 


DIFF MODE TEST TABLE 
FUNCTION INPUTS: Sj = S9 = 4.5V, Sg = S3 = M=0V 


Other Input 
Same Bit Other Data Inputs 


Output Output 


Parameter Under Test | Apply 4.5V Apply 0V Apply 4.5V Apply 0V Under Test Waveform 
tPLH Se phe se oft oe E In- 
PHL Aj Remaining A Remaining B, Cy i Phase 
t =_ = = = -of- 

PLH Aj None Remaining A Remaining B, Cy Fj Out-of 
tPHL Phase 
t _ = oe —= In- 

PtH Aj None Remaining A and B, Cy P 
tPHL Phase 
t _ = x = 

Pep Aj None Remaining A and B, Cy P 
tPHL Phase 
t 7 = _ x 

PLH Aj None None Remaining A and B, Cy G In 
tPHL Phase 
t =~ — = = 

PLH Aj None Remaining A and B, Cy G Outof 
tPHL Phase 
t _ = = 

PLH Aj Remaining A Remaining B, Cy A=B In- 
tPpHL Phase 
t = ~ ee -of- 

Ptn j Aj Remaining A Remaining B, Cy A=B Out-of 
tPHL Phase 
t = — os -of- 

Eon Aj Remaining A and B, Cy Cn+4 ae 
tPHL Phase 
t a as = - 

PLH Aj None Remaining A and B, Cy Cn+4 in 
tPHL Phase 
t = — 5 

il ‘ofa All A and B None in 
tPHL Phase 


SUM MODE TEST TABLE 
FUNCTION INPUTS: Sq = $3 = 4.5V, $1 = So =M=O0V 


hl one Other Data Inputs 
Output Output 


Input 
Parameter Under Test | Apply 4.5V | Apply 0V Apply 4.5V Apply 0V Under Test Waveform 

tPLH Soc as In- 
EL emaining A and B Ch Phase 

t = = 

PLH Remaining A and B Cy 3 
tPHL Phase 
t _ ae = me : 

PLH Bj None None Remaining A and B, Cy P ns 
tPHL Phase 


‘PLH Aj Remaining A andB,C ue 
tPHL ! ae Phase 
tp = = = = 7 
ase 
tp » a = = 
aa BR | em | A | Remaining | Remaining cn |S Pha 
ase 
tPLH = = Out- of- 
Remaining B Remaining A, C Cc 
tPHL A | nome |B | Reminie | emaninn cy | ne pisses 
tPLH =~ =| > Out-of 
Aj Remaining B Remaining A, C C eel 
tPHL PB [nome || Remainna | ring cy | Sa es 
tPLH ~ — ra - 
L Ch ANA ANB Any F 0 
tPHL or Cn+4 Phase 


LOGIC MODE TEST TABLE 
FUNCTION INPUTS: Sq = S9 = M = 4.5V, Sg = $3 = OV 


pie oe r Other Data Inputs 
Input Output 
Under Test | Apply 4.5V | Apply 0V Apply 4.5V Apply 0V Under Test 


Output 
Parameter Waveform 
Out-of- 
Phase 
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Am25LS/54LS/74LS181 


APPLICATIONS 


H=ADD 
L = SUBTRACT 


o 


wo 
re 
3% 
2& 
S 
E 
< 


CLOCK 


CLEAR 
# Am25L8181 


n Ca+4 O 
Voc 


te Wa. a Ng ane ‘a Ng: “ge My Ye Ye “a9. 14 


oO 
v 


Az Bg Ag Bg 


Ag Bo Ay By Aq 84 Ag Bs 


Ag Bg Az B7 


Ag Bg Ag Bg Aig Bio Aq, Bi1 


ah Bo Ay By Ap Bo Ay Bo Ay By 


Ag Bo Ay By 
7) 


A3 B3 
M 


Ao Bo 


A3 83 


Am25LS181 


Am25LS181 


12-BIT ADDER/SUBTRACTOR (2’s COMPLEMENT) 


FUNCTION TABLE 
A = Active HIGH B= Active LOW 
S 


S, S, S, S, | Arithmetic (M = L, C, =H)| Logic (M =H) 
If one input is defined active—HIGH and the second input ‘i ae aes A 
is defined active—-LOW, the sixteen arithmetic and logic ae ae aa = 
functions of the ALU are reordered as shown in the ce 
H H LL minus 1 (2’s comp.) Logic ‘0’ 
bec SH GE A plus AB AB 
H L HL AB plus [A + B] B 
Ag 83 L HHL A plus B A@B 
Ch+4 : 
tan aes HH HL _AB 
SELECT ee Lat; i A plus AB AaB 
L H LH AB plus [A + B] B 
L bLoeH H A plus A (2 x A) Logic ‘1’ 
H L HH A plus [A -+ B] A+B 
L H HH A plus [A + B] A+B 


L = Low Voltage Level 
H = High Voltage Level 


Metallization and Pad Layout 


Bo 1 Vcc 23 Ay 
Ro 2 os 22 By 
| my 
S33 rob arya Ips | 21 Ap 
S24 TNA Gr ica 20 B2 
S15 eh hd ereac 19 A3 
S08 ee ae A Ss i 
Crh 7 IS vad Ena zee ms ie 18 B3 
SE, et ee 
ee Pa a Ne Me aa es 
Sage apes gS 17. G 
| i eres 
Set rea 18 Soha 
a b a = 
Is JF thd eS | 
Fi 10 Be 14 A=B 
F2 11 GND 13 F3 


DIE SIZE: 0.078’ X 0.092” 
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Am25LS190 ¢« Am54LS/74LS190 
Am25LS191 ¢ Am54LS/74LS191 


Synchronous Counters With Up/Down Mode Control 


DISTINCTIVE CHARACTERISTICS LOGIC DIAGRAMS 
@ Single up/down countline Am25LS190 Decade Counter 


Parallel load inputs and parallel count outputs oct se id 


e 
@ Ripple clock output for cascading 
e 


Am25LS devices offer the following improvements over 
Am54/74LS 

— Higher speed 

— 5OmV fower VoL 

— Twice the fan-out aver military range 

— 440uA source current 

100% product assurance screening to MIL-STD-883 
requirements 


MAX./MIN. 


_ 


FUNCTIONAL DESCRIPTION 


The Am25LS190 and Am25LS191 are BCD and binary 
synchronous up/down counters. The counter flip-flops are 
triggered on the LOW-to-HIGH transition of the clock input 
if the enable input is LOW. If the enable input is HIGH, 
counting is inhibited. 


aE 


The direction of the count sequence is controlled by the 
up/down input. When the up/down input is LOW, the counter 
will count up. When the up/down input is HIGH, the counter 


will count down. 
: , + RIPPLE 
CLOCK 


aa 


The load input is used to asynchronously jam new data into 
the counter via the parallel data inputs. When the load input 
is LOW, the counter flip-flop outputs will follow the parallel 
data inputs regardless of the clock input. 


MAX./MIN. 


The max./min. count output is HIGH for a complete clock 
cycle when the counter overflows (binary 9 or binary 15) or 
underflows (binary 0). The ripple clock output is LOW for the 
LOW part of the clock cycle when the overflow or underflow 
condition exists. The counters are cascaded by connecting the 
ripple clock output to the enable input of the succeeding 
counter when parallel counting, or connecting the ripple clock 
output to the clock input when the parallel enable connection 
is used. The min./max. count output is used in high-speed 
look-ahead connection schemes. 


The Am54LS/74LS190 and 191 are standard performance ver- 
sions of the Am25LS190 and 191. See appropriate electrical 
characteristic tables for detailed AmM25LS improvements. 


aL 


fe) 
PRESET 


ca re 
cp @ 
a | 


ui 


CONNECTION DIAGRAM — Top View 


MIN./MAX. 


RIPPLE 


Vcc = Pin 16 
GND = Pin8 
Note: Pin 1 is marked for orientation. 
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Am25LS/54LS/74LS190/191 


ELECTRICAL CHARACTERISTICS Am25LS190 e Am25LS191 
The Following Conditions Apply Unless Otherwise Specified: 


COM'L TA= 0°C to +70°C Vcc = 5.0V + 5% (MIN. =4.75V MAX. = 5.25V) 
MIL Ta = —55°C to +125°C Vcc = 5.0V + 10% (MIN. =4.50V MAX. = 5.50V) 
DC CHARACTERISTICS OVER OPERATING RANGE 
Typ. 
Parameters Description Test Conditions (Note 1) Min. (Note 2) Max. Units 


Vcc = MIN., IoH = —440uA 
Vin = Vin or Va 


a Output HIGH Voltage 


Output LOW Voitage 


Vcc = MIN. 
Vin = Vin or Vit 


Guaranteed input logical HIGH 
input HIGH Level e : 
voltage for all inputs 


Guaranteed input logical LOW 
voltage for all inputs 


Input LOW Level 


Input Clamp Voltage Vec = MIN., lyyy = —18MA 


Enable G : 
Vcc = MAX., Ving = 0.4V 4 
Others —0.36 
Enable G 


Others 


Input LOW Current 


- Input HIGH Current Vec = MAX., Vin = 2.7V 
| Input HIGH Current Vcc = MAX., Vin = 7.0V 


Output Short Circuit Current 

(Note 3) 
Vec = MAX. 
(Note 4) 


Enable G 
Others 


Power Supply Current 


. For conditions shown as MIN. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type. 
. Typical limits are at Vcc = 5.0V, 25°C ambient and maximum loading. 


1 
2 
3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 
4. All inputs grounded and all outputs open. 


MAXIMUM RATINGS (Above which the useful life may be impaired) 


aR ts Ra i a ed A RC i ACAI eM SUS A AC A 20 a tn ee ST 
Storage Temperature —65°C to +150°C 
Temperature (Ambient) Under Bias —55°C to +125°C 
Supply Voltage to Ground Potential (Pin 16 to Pin 8) Continuous —0.5V to +7.0V 
DC Voltage Applied to Outputs for HIGH Output State —0.5V to +VcCmax. 
DC Input Voltage —0.5V to + 7.0V 
DC Output Current, Into to Outputs 30mA 
DC Input Current —30mA to 5.0mA 
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ELECTRICAL CHARACTERISTICS Am54LS/74LS190 e Am54LS/74LS191 
The Following Conditions Apply Unless Otherwise Specified: 


COM’'L TA = O°C to +70°C Vec = 5.0V + 5% (MIN. =4.75V MAX. = 5.25V) 
MIL Ta = —55°C to +125°C Vcc = 5.0V + 10% (MIN. =4.50V MAX. = 5.50V) 
DC CHARACTERISTICS OVER OPERATING RANGE 
. . . Typ. . 
Parameters Description Test Conditions (Note 1) Min. (Note 2) Max. Units 
VOH Output HIGH Voltage Volts 
VOL Output LOW Voltage Volts 
Guaranteed input logical HIGH 
Vin Input HIGH Level Asai 2.0 Volts 
voltage for all inputs 
Vib ened eet arr uaranteed input ogical LOW Weive 
voltage for all inputs COM’L ae 
| 
Vi Input Clamp Voltage Vcc = MIN., linyy = -18MA Volts 
rete Jccmmeaeccnay ome ic ee 
| Input urrent = - VIN = 9. m 
L = a a ee ee 
HIGH C V4 MAX., V 2.7V ae Pee = 
| Input HI urrent = g = 2, —+- A 
: fa 2 ee eel ee 20 ° 
1 Input HIGH Current Vcc = MAX., Vin = 7.0V Enable | mA 
ee 
Isc Output Short Circuit Current Vcc = MAX. As mA 
(Note 3) 
Icc HONEL Sue BIR CREED ua ae a 
Notes: For conditions shown as MIN. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type. 


Typical limits are at Vcc = 5.0V, 25°C ambient and maximum loading. 
Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 


ey 


All inputs grounded and al! outputs open. 


SWITCHING CHARACTERISTICS 
(Ta = +25°C, Vcc = 5.0V) 


Parameters Description 


Am54LS/74LS 
Min. Typ. Max. 


Am25LS 
Min. Typ. Max. 


Units Test Conditions 


NO 
NO 
NO 
{es 


Load toQ 


N 
Oo 
Ww 
Ww 
16) 
Oo 


22 


NO 
[e) 
NO 


A,B,C, D to Qa, Og, 
QC, Op Respectively 


t 
t 

Clock to Ripple Clock 
t 

Atk seca 
t 

Clock to Min./Max. 
PLH Up/Down to Ripple Clock 
t 

Up/Down to Min./Max. 
t 

Enable to Ripple Clock 


Zi 
a 
Load Pulse Width 25 
ee 
30 


No 
BSS 
nN 
~ 


N 
io) 


N 
= 
NO 


nN 
= 
NO 


N 
NO 


N 
BSS 
NO 


G2} W | ai w 


nN 
~ 
~N 
NO 


i¢) 
oO 


NO 
ie) 
NO 
= 
ie) 


N 
NO 
Ww 
N 
NO 


N 
— 
W 


27 


NO 
= 


W 
oO 
NO 
oO 
N 
ol 


© 1G] @& - nN 
o;oO oO; (e) fo) 


NO 
oi 


N 
Oo 


W 
OT 


N 
(oe) 


Data Hold Time 0 
MR —CP 20 


Note 1. Per industry convention, frygx is the worst case value of the maximum device operating frequency with no constraints on t,, t¢, pulse width or duty cycle. 


— | = WwW _ 

NT ND -|; oO - > 
Wy GQ} G| G) LA eo) 
©; O| © ce] Ol 


~~ 
NO 


3-95 


Am25LS/54LS/74LS190/191 


Am25LS ONLY 
SWITCHING CHARACTERISTICS 
OVER OPERATING RANGE* 


Am25LS COM’L Am25LS MIL 


Ta = 0°C to +70°C Ta = —55°C to +125°C 
Vcc = 5.0V +5% Vcc = 5.0V +10% 
Min. Max. Min. Max. 


Parameters Description Units Test Conditions 


t 

Load to Q 
teHL 
teLH 


~ 


A, B, C, D to Qa, Qp 
Qc, Op Respectively 

t 

Fa Clock to Ripple Clock 
t 

ren Clock to Q 
t 

PLH Clock to Min./Max. 
t 

ped Up/Down to Ripple Clock 
t 

een Up/Down to Min./Max. 
t 

ied Enable to Ripple Clock 


Maximum Clock Frequency (Note1) 1 


Clock Pulse Width 


Ww 
© 


Wo 
O|NY|@ 


Ww 
pairs 
ww 
oO 


~ 
NO 


Nh > + 


ie) 
“S| o 
RO 


NO 


o 
Ww 


ro 
Oo 
je) 
ok 
vU 
S 
wn 
9) 
S 
—s 
Zs 
Oo 


NO 
io) 


O 
fe) 
c 
3 
- 
m 
3 
7) 
S 
© 


Ww 
oO 


Data Hold Time 
MR CP 


*AC performance over the operating temperature range is guaranteed by testing defined in Group A, Subgroup 9. 


W 
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DEFINITION OF FUNCTIONAL TERMS 

A, B, C, D The four parallel data inputs to the counter 
flip-flops. 

Q,, Og, Qc, Ap The four outputs of the counter. 


Clock The clock input causes the counter to change state 
in the count mode. The counter flip-flops trigger on the 
LOW-to-HIGH transition of the clock. 

Enable The enable input can be used to enable or inhibit 
counting. When the enable input is HIGH, counting is 
inhibited. 


Up/Down The up/down input controls the direction of the 


count sequence. When the up/down input is LOW, the 
counter will count up (positive logic definitions). 


Load The load input is used to parallel enter new data via 
the A, B, C and D inputs. When the load input is LOW, the 
counter will follow the parallel inputs regardless of the 
clock input. 

Min./Max. The min./max. output is HIGH when the counter 
is in either the overflow or underflow state. 

Ripple Clock The ripple clock output is LOW when the 
counter is in either the overflow or underflow state and 
the clock is LOW. 


FUNCTION TABLE 


| 


X = Don't Care 
= LOW-to-HIGH Transition 


Am25LS ¢ Am54LS/74LS 
LOW-POWER SCHOTTKY INPUT/OUTPUT 
CURRENT INTERFACE CONDITIONS 


DRIVING OUTPUT DRIVEN INPUT 


| 
| 
| 
| 
| 
| 
'oL { Un 
| 
| 
| 
| 


” 


Note: Actual current flow direction shown, 


Clock 


Underflow 
191 Overflow 
190 Overflow 


} NC = No Change 
L = LOW CK = LOW if Clock is LOW, HIGH if Clock is HIGH 
A/R = Assumes State Required by Counter Output 


Metallization and Pad Layout 


A 


CLOCK 
RIPPLE 
CLOCK 


MIN./MAX, 


UP/DOWN 
Qc 


LOAD 
Cc 


QD 


DIE SIZE 0.069" X 0.105” 


Am25LS/54LS/74LS190/191 


APPLICATIONS 


UP/DOWN 
ENABLE 
LOAD 
Dg Pag: Pat 
LOAD LOAD LOAD 
ENABLE ENABLE ENABLE 
UP/DOWN RIPPLE UP/DOWN RIPPLE UP/DOWN 
CLOCK CLOCK CLOCK CLOCK CLOCK CLOCK 
Qn Og Ae ADH Qn Og AC AD Qn Og A AD 
Wo Wy Wo W3 Wa Ws We W7 Wg Wo Wig W114 
PARALLEL ENABLE WITH RIPPLE CLOCK 
UP/DOWN 
CLOCK 
LOAD 


CLOCK 
UP/DOWN RIPPLE 
ENABLE CLOCK 
Qn O Ae AD 


Wo Wy Wo W3 Wa Ws We W7 Wg Wg Wig W414 


SYNCHRONOUS PARALLEL COUNTING WITH RIPPLE ENABLE 


UP/DOWN 
CLOCK 
LOAD 


LOAD LOAD LOAD LOAD 
CLOCK CLOCK CLOCK CLOCK 
UP/DOWN UP/DOWN UP/DOWN UP/DOWN 


ENABLE MIN./MAX. ENABLE MIN./MAX. ENABLE MINAS: ENABLE 


Qa Og A AD Qa, Op A OD Qh Og A AD Qn Qg A Ap 


Wg Wg Wig Wy Wi2 Wig Wig Wis 


SYNCHRONOUS COUNTING WITH FULL LOOK-AHEAD 
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Am25LS192 - 
Am54LS/74LS192 - 


Am25LS193 
Am54LS/74LS193 


Decimal and Hexadecimal Up/Down Counters 


DISTINCTIVE CHARACTERISTICS 


Separate up and down clocks 

Asynchronous parallel load 

Am25LS devices offer the following improvements over 
Am54/74LS 

— Higher speed 

— 50mV lower VoL at loL = 8mMA 

— Twice the fan-out over military range 

— 440uA source current at HIGH output 

100% product assurance screening to MIL-STD-883 
requirements 


FUNCTIONAL DESCRIPTION 


The ‘'LS192 and ‘LS193 are four-bit up/down counters using advanced 
Low-Power Schottky processing. The ‘LS192 counts in the BCD mode 
and the ‘LS193 counts in the binary mode. These counters have separate 
count-up and count-down clock inputs (CPt and CPp, respectively). 
The Q; outputs change state synchronously on the LOW-to-HIGH tran- 
sition on either the up clock input or the down clock input. Only one 
clock input can be LOW at a time or erroneous counting will result. 


Each of the four flip-flops can be preset to a logic HIGH or a logic LOW 
by means of four parallel inputs (A, B, C, and D). When the parallel load 
input (PL) goes LOW, all four flip-flops set to the state of the direct 
inputs (A, B, C, and D) independent of the clock inputs. An active 
HIGH master reset (MR) is provided which overrides both the clock and 
parallel load inputs forcing all Q; outputs LOW. 


Two terminal count outputs are gated with the clock inputs to provide 
clock signal to other counters. The TCp output goes LOW when the 
counter is in state 0000 and the count down clock goes LOW. The TCy 
goes LOW when the count up goes LOW and the counter is in state 
1001 (‘LS192) or state 1111 (’LS193). The TC, and TCp outputs can 
drive the count up and count down clocks on the next counter ina 
series. The Q; outputs of such a connection scheme are not synchronous 
on cascaded counters in this series. 


LOGIC DIAGRAM 


PL 
(LOAD) -o 
CPy 
(UP COUNT) 


CP 


TCy 
(CARRY 
OUTPUT) 


TCp 
(BORROW 
OUTPUT) 


D 
(DOWN COUNT) 


MR 
(CLEAR) 


CONNECTION DIAGRAM 
Top View 


MR TCp TCy 


Qa CPp CPy 


Note: Pin 1 is marked for orientation. 
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Am25LS192 @® Am25LS193 
ELECTRICAL CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless Otherwise Noted) 
Am25LS192XC/Am25LS193XC Tes 0°C to +70°C Vcc = 5.0V + 5% (COM’L) MIN. = 4.75V MAX. = 5.25V 
Am25LS192XM/Am25LS193XM Ta = —55°C to +125°C Vcc = 5.0V + 10% (MIL) MIN. = 4.50V MAX. = 5.50V 

Typ. 
Parameters Description Test Conditions (Note 1) Min. (Note 2) Max. Units 


V = MIN., | = —440uA MIL 
VOH Output HIGH Voltage cc OH 
Vin = Vin or Vit COM’L 


2.7 


| N N 
_ . . 
on ro) on 


Vec =MIN., lol = 4.0mA 
V Output LOW Voltage 
OL p g VIN = ViH Or VIL lo. =8.0mA . 
Guaranteed input logical HIGH 
V | t HIGH Level . 
ViL iasUe LOW Level uarantee input ogical LO Wels 
voltage for all inputs COM’L | 08 | 


Input Clamp Voltage Vcc = MIN., lin = —18MA 


Input LOW Current Vcc = MAX., Vin =0.4V 


Input H!GH Current Vcc = MAX., Vin, = 2.7V 


input HIGH Current Veco = MAX., Vin = 7.0V 


co) 
: 
> 


Output Short Circuit Current 
(Note 3) 


Vcc = MAX. 


Power Supply Current Vcc = MAX. (Note 4) 


ie) 
> 


3 
> 


1. For conditions shown as MIN. or MAX., use the appropriate value specified under Electrical characteristics for the applicable device type. 
2. Typical limits are at Vcc = 5.0V, 25°C ambient and maximum loading. 

3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 

4. |CC is measured with all outputs open; clear and load inputs grounded; and all other inputs at 4.5V 


Am25LS ¢ Am54LS/74LS 
MAXIMUM RATINGS (Above which the useful life may be impaired) 


Storage Temperature —65°C to +150°C 
Temperature (Ambient) Under Bias —55°C to +125°C 
Supply Voltage to Ground Potential Continuous —0.5V to +7.0V 
DC Voltage Applied to Outputs for High Output State —0.5V to +Vcec max. 
DC Input Voltage —0.5V to +7.0V 
DC Output Current, Into Outputs 30mA 
DC Input Current —30mA to +5.0mA 
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Am54LS/74LS192 @ Am54LS/74LS193 
ELECTRICAL CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (Unless Otherwise Noted) 


Am74LS192X/74LS193X TA= 0°C to +70°C Vcc = 5.0V + 5% (COM’L) MIN. = 4.75V MAX. = 5.25V 
Am54LS192X/54LS193X TA> —55°C to +125°C Vcc = 5.0V + 10% (MIL) MIN. = 4.50V MAX. = 5.50V 

Typ. 
Parameters Description Test Conditions (Note 1) Min. (Note 2) Max. Units 


Output HIGH Voltage 
VIN = Vin or Vib COM'L 2: 
. Vec = MIN., All, lo, =4.0mA 
Output LOW Voltage Vin = Vin or Vib 74LS only, lo, = 8.0mA 
impart HIGH Level Guaranteed input logical HIGH 
voltage for all inputs 


G teed input logical LOW MIL 
VIL Input LOW Level uarantee nel ogica 
voltage for all inputs COM’'L 
Input Clamp Voltage Voc =MIN., lin = —18MA 
: 
Isc 
Icc 


0.25 
0.35 


NO 
oO 


input LOW Current 


Vec = MAX., Vin = 0.4V 


Vcc = MAX., Vin = 2.7V 


NO 
i=) 


Input HIGH Current 


! N 
“| 01 


= 

~“ 
< 
is) 
+ 
na 


Vec = MAX., Vin = 7.0V 


Input HIGH Current 


Output Short Circuit Current 
(Note 3) 


Vec = MAX. 


| 
—s 
oO 


ice 
aes 


—_ 
© 


Power Supply Current Vec = MAX. (Note 4) 


Notes: 1. For conditions shown as MIN. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type. 
2. Typical limites are at Vcc = 5.0V, 25°C ambient and maximum loading. 
3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 
4. Icc is measured with all outputs open; clear and load inputs grounded; and all other inputs at 4.5V 


Am25LS ¢ 54LS/74LS 
LOW-POWER SCHOTTKY INPUT/OUTPUT 
CURRENT INTERFACE CONDITIONS 


DRIVING OUTPUT DRIVEN INPUT 


Note: Actual current flow direction shown. 
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Am25LS/54LS/74LS192/193 


AmS4LS/74LS__. 


SWITCHING CHARACTERISTICS 
(Ta = 25°C, Vcc = 5.0V) 


Am25LS 


NO 


tPLH 


Pi Input to TCp Output 
tPHL 


N | 
£ 


Data Set-up Time 5. 
A-D Input to Py Input 


Set-up Time, Py Input to CP or CPp 


0 
15 


Parameters Description Min Typ. Max. Units Test Conditions 
tPHL 10 15 21 33 
ene al eee ee ee 

Pa eer 
| tpLH | ee ere | 49 a ae 
A-D to TCy Output 
L 
PHL | MRinputtoQ,Outeut | SS«|=Cit | se | SC*dsCt «SY 
tpLn_|__MRinpurtoTcyOupur—=—S=Ss=~=~—S~S<“‘SCSS8S~O*dSS(OOT ee 
ee 
tPHL 30 2 ioc 
nese 
Hig 


ima 
n 


os ot 
>I] 4a “ 


Set-up Time, Clear Recovery 
(In-Active) to CP or CPp 


oO 


ot 


aS 


CPy 


tpw/(0) Pulse Width PD 


=| 7) O 
pT 
Ee} 


tow(1) Pulse Width 15 
Maximum Clock Frequency, 
max Count Up or Down (Note 1) 35 


Note 1. Per industry convention, frygx is the worst case value of the maximum device operating frequency with no constraints on ty, tf, pulse width or duty cycle. 


ie) 
NO 


oO 


NIN] MTN 


a 
ol 


2 
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Am25LS/54LS/74LS 192/193 


Am25LS192, Am25LS193 ONLY 
SWITCHING CHARACTERISTICS 
OVER OPERATING RANGE* 


Am25LS MIL 


Ta = —55 C to +125°C 
Vcc = 5.0V + 10% 


Min. Max. 


Am25LS COM’L 


Ta =0°C to +70°C 
Vcc = 5.0V + 5% 
Min. Max. 


Units Test Conditions 


Parameters Description 
tPLH 


CPy or CPp to Qy 

tPHL 
t 

EER CPy to TCy 
tPHL 
t 

BEE CPp to TCp 
tPHL 
t 

a A-D to Q,, Output 
tPHL 
t 

ees A-D to TCy Output 
tPHL 

t 

aA. A-D to TCp Output 
tPHL 


tPHL MR Input to Q, Output 
tPLH MR Input to TCy Output 
tPHL MR Input to TCp Output 


tPLH 
tPHL 


: 
sa P, Input to TC Output 

tPHL 

t 
bh P; Input to TCp Output 

tPHL 


Data Set-up Time | | 54q 4 


A-D Input to 
x 


P,_ Input 

Set-up Time, 

P; Input to CPy or CPp 
Set-up Time, Clear Recovery 
(In-Active) to CPy or CPp 
th Data 


CPy 
tow/(0) Pulse Width CPp 
aa 


tow(1) Pulse Width 


Maximum Clock Frequency, 
Count Up or Down’ (Note 1) 


Oo} Oo 
NPN 


N 
NO 
NO 
o 


NO 
1) 
NO 
o 


> NO NO 
cop) ww 


~~) 
io) 
NO 


Oo 
Ww 


=) IN ~ 


ol 
NO 


wn” 


= 
oO. 


.¢) 
N 
Ww 
0 


ot 


NEN] O® 
i 


P, Input to Q, Output 


ol 
ie) 


w 
co 


o 
Ww 
ice) 


or 


or 
=} 


lad 
” 


ct land 


NO 


=) 


po] 
n 


a 
n n ”n 


NO 
~_ 


ios | oo 
SN TN ie) 


MHz 


NO 
oa 
NO 
oO 


afar] oo MN =k 
olota Oo wo 


fmax 


*AC performance over the operating temperature range is guaranteed by testing defined in Group A, Subgroup 9. 


Metallization and Pad Layout 
"L$192 "LS$193 


“al 


pean 


=> 
a 


ty 
er 


DIE SIZE 0.075" X 0.096” 
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Am25LS/54LS/74LS 192/193 


FUNCTION TABLE 


=i — oe 


L. H 


x x, 
x 
x 
px 
ae 
fata 
O 
eee 
eee 
pe 
; 
o 
2 


Except at borrow 
Except at carry 


Carry (192 only) 


a 
x 
x 
x 
x 
© 
fe} 
Cc 
5 
r+ 
Cc 
1 
2 eels fes]= = 
89) 
S 
° 
2 


H = HIGH X = Don't care D =A LOW or a HIGH and the respective output 
L = LOW t = LOW-to-HIGH transition will assume the same state. 


DEFINITION OF FUNCTIONAL TERMS 


MR Clear. The clear input to the counter overrides all CPp Count down. A clock input causing the counter 
other inputs. When the clear input is HIGH, the to change state in a decreasing binary number 
QO outputs are set LOW independent of the other direction. The state change occurs on the LOW-to- 
inputs. HIGH transition. 

PL igad« The load inoue: performs: asynchronous Qa,Qp, The four outputs of the counter representing the 


parallel load of the data on the A, B, C, and D = OC, Op _—LSB to MSB, respectively. 


inputs. When the load input is LOW, the Qj out- TCy Carry output. A clock output that indicates the 

puts will follow the parallel inputs regardless of maximum upper binary number has been reached. 

the clock inputs. For the ‘LS192, TCy indicates that the ‘’9”’ state 

: . has been reached and the up clock is LOW. For the 

A,B,C,D The four parallel inputs to the counter flip-flops. 'LS193, TCy indicates that the 15” state has 


CPy Count up. A clock input causing the counter to _ been reached and the up clock is LOW. 
change state in an increasing binary number direc- TCp Borrow output. A clock output indicating that the 
tion. Counting occurs on the LOW-to-HIGH transi- “O”’ state has been reached and the down clock is 


tion of the clock. LOW. 


APPLICATION 


UP CLOCK CARRY 


Am25LS192 
Am25LS$193 


CPp Am25LS192 


Am251$193 een 


DOWN CLOCK TCp 


Qg Qe 


OUTPUT 


8-Bit Up/Down Counter with Parallel Load 
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Am25L3S194A ¢ Am54LS/74LS194A 
Am25LS195A ¢ Am54LS/74LS195A 


Four-Bit High-Speed Shift Registers 


DISTINCTIVE CHARACTERISTICS 


@® Shift right or parallel load with JK inputs on Am25LS195A 
@ Shift left, right, parallel load or do nothing on Am25LS194A 
@ Fully synchronous shifting and parallel loading 
@® Am25LS devices offer the following improvements over 
Am54/74LS 
— Higher speed 
— 50mV lower VOL 
— Twice the fan-out over military range 
— 440uA source current 
@® 100% product assurance screening to MIL-STD-883 
requirements 


FUNCTIONAL DESCRIPTION 


The Am25LS194A and Am25LS195A are 4-bit registers that 
exhibit fully synchronous operation in all operating modes. 
The Am25LS195A can either parallel load all four register 
bits via the parallel inputs (A, B, C, D) or shift each of the four 
register bits right one place. The shifting or parallel loading is 
under control of the shift/load input (S/L). When the shift/ 
load input is LOW, data is loaded from the parallel data inputs; 
when the shift/load input is HIGH, data is loaded from the 
register bits on the left. The first bit, Qa, is loaded via the 
J and K inputs in the shift mode. 


The Am25LS194A operates in four modes under control 
of the two select inputs, Sg and S;. The four modes are 
parallel load (data comes from the parallel inputs), shift right 
(data comes from the flip-flop to the left, with the OQ, bit 
input from R), shift left (data comes from the flip-flop to the 
right, with the Qp input from L), and hold or do nothing 
(each flip-flop receives data from its own output). 


For both devices the outputs change state synchronously 
following a LOW-to-HIGH transition on the clock input, CP. 
Both devices have an active-LOW synchronous clear (CLR) 
which forces all outputs to the LOW state (Op HIGH) inde- 
pendent of any other inputs. 


Because all the flip-flops are D-type they do not catch 0O’s or 
1’s, and the only requirements on any inputs is that they meet 
the short set-up and hold time intervals with respect to the 


clock LOW-to HIGH transition. 

The Am54LS/74LS194A and 195A are standard performance 
versions of the Am25LS194A and 195A. See appropriate 
electrical characteristic tables for detailed Am25LS improve- 
ments. 


CONNECTION DIAGRAMS 
Top Views 


"LS194A "LS195A 


Vcc 


LOGIC DIAGRAMS 


"LS194A 


Resaiein Tits aie 
OU 


‘LS195A 


A B C D 
O 


par 
505] t 


Abo 
00 


LOGIC SYMBOLS 
"LS195A 


4 


Vcc = Pin 16 
GND = Pin 8 


Am25LS/54LS/74LS194A/195A 


Am25LS194A @ Am25LS195A 


ELECTRICAL CHARACTERISTICS 
The Following Conditions Apply Unless Otherwise Specified: 


COM’'L TA = 0°C to +70°C Voc = 5.0V + 5% (MIN. =4.75V MAX. = 5.25V) 

MIL TA= —55°C to +125°C Vcc = 5.0V + 10% (MIN. =4.50V MAX. = 5.50V) 

DC CHARACTERISTICS OVER OPERATING RANGE Typ. 

Parameters Description Test Conditions (Note 1) Min. (Note 2) Max. Units 


2.5 
2.7 


Vcc = MIN., lon = —440uA MIL 
Vin = Vin OF VIL COM'‘L 


Vcc = MIN. | =4AmA 
VOL Output LOW Voltage CC OL 
Vin = Vin or VIL lot =8mA 
Guaranteed input logical HIGH 
Vin Input HIGH Level payee one 
voltage for all inputs 
Guaranteed input logical LOW MIL 
VIL input LOW Level 
Vi 


COM’L 
PV Input. Clamp Voltage 
Vcc = MAX., VIN = 0.4V 


cz Input HIGH Current Vcc = MAX., VIN = 2.7V 


ML 
NH 
P| Input HIGH Current 
Output Short Circuit Current 
Isc 
' p . ve : oy MAX LS194A (Note 4) 
ower Su urren = ; 
ee ae Ge LS195A (Note 5) 


(Note 3) 
_ For conditions shown as MIN. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type. 
. Typical limits are at Vcc = 5.0V, 25°C ambient and maximum loading. 
. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 
. Outputs open. Inputs A, B, C, D grounded. Inputs So, $3, Clear, L, R, at 4.5 V. Measured after'a momentary ground, then 4.5V applied to clock. 
. Outputs open. S/L grounded. A, B, C, D, J, K at 4.5 V. Measured after applying a momentary ground then 4.5 V to the clear followed by ground 
then 4.5V to clock. 


VOH Output HIGH Voltage Volts 


3.4 


Volts 


ed 
p 


Volts 


Volts 


o 
Ny 


voltage for all inputs 
Vcc =MIN., lt = —-18mA 


| 
woh 
Or: 


Volts 


=| 
> 


Input LOW Current 


le 
Oo 
3 = 


a 
| 
ee) 
a 
3 


—_ 

o 

ri 

=| 0 
| 
> 


Notes: 


aohWN = 


MAXIMUM RATINGS (Above which the useful life may be impaired) 


Pe eee ee OS EEE TT ee Nm 


Storage Temperature -65°C to +150°C 
Temperature (Ambient) Under Bias | -55°C to +125 C 
Supply Voltage to Ground Potential (Pin 16 to Pin 8) Continuous -0.5V to +7.0V 
DC Voltage Applied to Outputs for HIGH Output State -0.5V to +Vec max. 
DC Input Voltage -—0.5V to +7.0V 
DC Output Current, Into Outputs 30 mA 
DC Input Current -30mA to +5.0mA 


DC Input Gurren tn 


3-106 


Am25LS/54LS/74LS194A/195A 


Am54LS/74LS194A © Am54LS/74LS195A 


ELECTRICAL CHARACTERISTICS 
The Following Conditions Apply Unless Otherwise Specified: 


COM’L Ta =0°C to +70°C Vcc = 5.0V + 5% (MIN. =4.75V MAX. = 5.25V) 

MIL; —. Ta=-85°Cto+126°C = Veg = 5.0V#10% (MIN. =4.50V MAX. =5.50V) 

DC CHARACTERISTICS OVER OPERATING RANGE Typ. 

Parameters Description Test Conditions (Note 1) Min. (Note 2) Max Units 


Output HIGH Voltage 


o Vcc = MIN., lon = —400uA Am74LS 2.7 : 


V = MIN. All, | =4mA 
VOL Output LOW Voltage al OL = eel 
G teed input logical HIGH 
Vig Input HIGH Level enter ectct tu aes eet 2 Volts 
voltage for all inputs 
npu eve olts 
HL P voltage for all inputs Am74LS eae id 
Input Clamp Voltage Vcc = MIN., tiny = —18MA ae 


Input LOW Current 


1. For conditions shown as MIN. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type. 

2. Typical limits are at Vcc = 5.0V, 25°C ambient and maximum loading. 

3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one.second. 

4. Outputs open. Inputs A, B, C, D grounded. Inputs So, Sq, Clear, L, R, at 4.5V. Measured after a momentary ground, then 4.5V applied to clock. 
5 


- Outputs open. S/L grounded. A, B, Cc, D, J, K at 4.5 V. Measured after applying a momentary ground then 4.5 V to the clear followed by ground 
then 4.5 V to clock. 


Am25LS194A @ Am54LS/74LS194A 


SWITCHING CHARACTERISTICS 
(Ta = 25°C, Voc = 5.0V) Am25LS Am54LS/74LS 


Parameters Description in. ; . in. : 3 Units Test Conditions 


Cy. = 15pF 
Rp =2.0k2 


Note 1. Per industry convention, frygx is the worst case value of the maximum device operating frequency with no constraints on tr, tf, pulse width or duty cycle. 


Am25LS194A ONLY 
SWITCHING CHARACTERISTICS 
OVER OPERATING RANGE* 


Parameters Description 


[tow [Clear Pate Wiath 8a 

[is | Mode Controi Setup Time fay] 

[ts Giese Recovery to Cock [30 
[6 ear eed aE 


* AC performance over the operating temperature range is guaranteed by testing defined in Group A, Subgroup 9. 
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Am25LS/54LS/74LS194A/195A 


Am25LS195A @ Am54LS/74LS195 
SWITCHING CHARACTERISTICS 
(Ta = 25 C, Vcc = 5.0V) 


Am25LS Am54LS/74LS 


Parameters Description Units Test Conditions 
tPHL Clock to Output 
tPHL Clear to Output 
tow —T Clock Pulse Width 
eee ay ; 
tow Clear Pulse Width 
ts Mode Control Set-up Time 
ts | Data Input Set-up Time 
ts Clear Recovery to Clock 
|__ th i Data Hold Time 
Shift/Load Release Time 
‘R Am54LS/74LS195A Only 


fmax (Note 1) | Maximum Clock Frequency 


Note 1. Per industry convention, fmax is the worst case value of the maximum device operating frequency with no constraints on ty, tf, 
pulse width or duty cycle. 


SWITCHING CHARA [amasis com, | Am25LS MIL 
SWITCHING CHARACTERISTICS Am2bLs COME Am25LS MIL 


OVER OPERATING RANGE* Ta = 0°C to +70°C | Ta = —55°C to +125°C 
Vcc = 5.0V +5% Vcc = 5.0V +10% 
Parameters Description in. : Min. Max. Units Test Conditions 


iC a 
ten [Goce Out ——S*d 
tei Clearto Out SCs 

tow | ClockPuise with Sid | 


; 
_= 
W 
o> 


W 
Le) 


ts | Clear Recovery to Clock eae a 


tr Shift/Load Release Time 
Am54LS/74LS195A Only 


* AC performance over the operating temperature range is guaranteed by testing defined in Group A, Subgroup 9. 


'LS194A FUNCTION TABLE 'LS195A FUNCTION TABLE 


INPUTS 


OUTPUTS 
Serial Parallel 
rere Riht[ AB CO ]Oq 08 Oc Ap 


INPUTS OUTPUTS 


D Qa Og Ac Ap Ap 


= : 

| Clear x x xX xX X Xie be EL L L H 
No x Xx xX X X XINCNC NCONC NC NC NC 
Change Xx x xX xX X XI INC NC NC NC NC NC NC 


Parallel 


Load Do Dy 02 D3 


X|L Qa Qg Qc 

H Qa Qg Qc 
Qgpg Qc Op L 
Og Oc QD H 


X = Don’t Care 

L = LOW NC = No Change 

t = LOW-to-HIGH transition. 

D,; = May be a HIGH ora LOW and the respective output will assume the 
same state. 


X = Don't Care 
L=LOW NC = No Change 
t = LOW-to-HIGH transition. 

D; = May be a HIGH ora LOW and the respective output will assume the 
same state. 


Notes: 1. If the J and K inputs are tied together, the common line becomes a 
D-Type input to the first bit in the shift mode. 

2. Linear feedback shift counters can be made by connecting the Qp and 
Qp outputs to the K and J inputs, respectively. 
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Am25LS @® Am54LS/74LS 
LOW-POWER SCHOTTKY INPUT/OUTPUT 
CURRENT INTERFACE CONDITIONS 


DEFINITION OF FUNCTIONAL TERMS 


J, K The logic inputs used for controlling the Qa flip-flop of 
the Am25LS195A register when S/L is HIGH. 

CLR Clear. The asynchronous master reset input. 

CP Clock pulse for the register. Enters data on the LOW-to- 
HIGH transition. 

S/L Shift/Load. The input for selection of parallel or serial 
shifting for the Am25LS195A register. S/L LOW selects 
parallel entry. 

So, 5; The mode select inputs of the Am25LS194A. 

A, B, C, D The four parallel data inputs for the register. 

R The serial input to the Qa flip-flop of the Am25LS194A in 
the right shift mode. 

L The serial input to the Op flip-flop of the Am25LS194A in 
the left shift mode. 

Qa, Og, Qc, Ap The four true outputs of the register. 

Op The complement output of the Qp flip-flop. (Am25LS 
195A only). 


DRIVING OUTPUT DRIVEN INPUT 


Note: Actual current flow direction shown. 


APPLICATION 


12-BIT SHIFT-LEFT, SHIFT-RIGHT, PARALLEL LOAD REGISTER 
ares aa een Rae (N 


u ee uf so" ‘a 
$1 'LS194A $1 ‘LS194A4 


cP cP 


Ag Ag Aigo A114 


S1 "  *LS194A 


CP 
CLR Qa Og Ac AD cLR Qa Qg Ac AH CLR 2A Og Qc AD 


Bg Bg Big 844 


Metallization and Pad Layouts 


"LS194A "LS195A 


DIE SIZE 0.067" X 0.080” DIE SIZE 0.067” X 0.080” 
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Am25LS240«Am54LS/74LS240 


Octal Three-State Inverting Drivers 


DISTINCTIVE CHARACTERISTICS 


Three-state outputs drive bus lines directly 
Hysteresis at inputs improve noise margin 

PNP inputs reduce D.C. loading on bus lines 
Data-to-output propagation delay times — 18ns MAX. 
Enable-to-output — 30ns MAX. 

Am25LS240 specified at 48mA output current 

20 pin hermetic and molded DIP packages 

100% product assurance testing to MIL-STD-883 
requirements 


1A1 1¥1 =—2A1 2Y1 


CONNECTION DIAGRAM 
Top View 


Note: Pin 1 is marked for orientation. 
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LOGIC DIAGRAM 


FUNCTIONAL DESCRIPTION 


The 'LS240 is an octal inverting line driver fabricated using 
advanced low-power Schottky technology. The 20-pin 
package provides improved printed circuit board density for 
use in memory address and clock driver applications. 


Three-state outputs are provided to drive bus lines directly. 
The Am25LS240 is specified at 48mA and 24mA output sink 
current, while the Am54/74LS 240 is guaranteed at 12mA over 
the military range and 24mA over the commercial range. 
Four buffers are enabled from one common line and the 
other four from a second enable line. 


Improved noise rejection and high fan-out are provided by 
input hysteresis and low current PNP inputs. 


INPUTS 
Zz 
Li 
H 


Note: All devices have input hysteresis. 


LOGIC SYMBOL 


1A1 1A2 1A3 1A4 


2A1 2A2 2A3 2A4 
‘LS240 2G 


1¥1 1Y¥2 1¥3 1Y4 2¥1 2Y¥2 2Y3 2Y4 


VoG> Pin 20 
GND = Pin 10 


Am25LS/54LS/74LS240 


Am25LS240 

ELECTRICAL CHARACTERISTICS 

The Following Conditions Apply Unless Otherwise Specified: 

COM'L Ta = 0°C to +70°C Vcc = 5.0V + 5% (MIN. = 4.75V MAX. = 5.25V) 
MIL Ta = —55°C to +125°C Voc = 5.0V + 10% (MIN. = 4.50V MAX. = 5.50V) 


DC CHARACTERISTICS OVER OPERATING RANGE 


High-Level Output Voltage Volts 


Low-Level Output Voltage Volts 


Volts 


Volts 


oO 
N 


Volts 
Volts 


p. 
Parameters Description Test Conditions (Note 1) Min. (Note 2) Max. Units 
Voc = MIN. All io, = 24mA 
Hysteresis (V7, — Vy_) Vec = MIN. 
Vo = 2.7V 


Voc = MIN., Vi, = 2.0V 
Vv lon = —3.0mA, Vit = VitMAX. 
id Voc = MIN., MIL, low = —12mA 
VoL 
COM'L Io, = 48mA 
; Guaranteed input logical HIGH 
Mn | High-Level Input Voltage ealece ter siineuie 
ue ee 
Vit Low-Level Input Voltage a 
Off-State Output Current, 
High Level Voltage Applied 
Off-State Output Current, _ 
Low-Level Voltage Applied Yor 0.ay 
Input Current at Maximum sy 
la Input Voltage Veo = MAX Ni = 7.0V 


Ty 
Vin = 0.5V COM'L, lon= —15mA 
All lo, = 12mMA 
MIL 
Vik | Input Clamp Voltage Voc = MIN., |, = —18mA 
bie Low-Level Input Current Voc = MAX., Vi, = 0.4V 


Be 
> 


=~ 


E 
> 


.~ 
ab 


iso __| Shot Ciruit Output Currant (Note 3) 


All Outputs HIGH 
All Outputs LOW 
Outputs at Hi-Z 


Outputs open 


3 
> 


NO 
© 


Notes: 1. For conditions shown as MIN. or MAX., use the appropriate value specified under recommended operating conditions. 
2. All typical values are Voc =5.0V, Ta = 25°C. 
3. Not more than one output should be shorted at a time, and duration of the short-circuit should not exceed one second. 


MAXIMUM RATINGS above which the useful life may be impaired 


Storage Temperature -~65°C to +150°C 
Temperature (Ambient) Under Bias -~55°C to +125°C 
Supply Voltage to Ground Potential -0.5V to +7.0V 
DC Voltage Applied to Outputs for HIGH Output State ~0.5V to tVcc max. 
DC Input Voltage -0.5V to +7.0V 
DC Output Current 150mA 
DC Input Current -30mA to +5.0mA 


i IS eS 
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Am25LS/54LS/74LS240 


Am54LS/74LS240 

ELECTRICAL CHARACTERISTICS 

The Following Conditions Apply Unless Otherwise Specified: 

COM'L Ta = 0°C to +70°C Vcc = 5.0V + 5% (MIN. = 4.75V MAX. = 5.25V) 


MIL Ta = —55°C to +125°C Voc = 5.0V + 10% (MIN. = 4.50V MAX. = 5.50V) 
DC CHARACTERISTICS OVER OPERATING RANGE 
Typ. 
Parameters Description Test Conditions (Note 1) Min. (Note 2) Max. Units 


Voc = MIN., Viy = 2.0V 
lon = —3.0mA, Vin = Vi. MAX. 
Veo = MIN, 
Vin = 08V 


| All, Io, =12mA 
Low-Level t Vol Voc = MIN. 


w 
iN 


High-Level Output Voltage Volts 


0.25 
0.35 


VoL Volts 


Volts 


fF 
Oo 
x 


Vv Volts 


IL 
Vik Volts 
Volts 


© 
a 


A 


lozL 


3 ‘= 
a, 


> 


EE 
5 


: Guaranteed input logical HIGH 
High-Level Input Voltage voltage for all inputs 
COM'L 
Low-Level Input Vol 
Hysteresis (V7, — Vr_) Vcc = MIN. 
Off-State Output Current, Vo = 2.7V 
Off-State Output Current, i, _ 
Low-Level Voltage Applied Vit MUM) No OAN 
High-Level Input Current, Any Input Voc MAX., Vip = 2.7V 
he Low-Level Input Current Vec = MAX,, Vit = 0.4V 
All Outputs HIGH 
All Outputs LOW 


High Level Voltage Applied 
ea 
Isc Short Circuit Output Current (Note 3) | Vcc = MAX. 
Outputs at Hi-Z 


Voc = MAX. 
Outputs open 


loc Supply Current 


3 
> 


NO 
ice) 


Notes: 1. For conditions shown as MIN. or MAX., use the appropriate value specified under recommended operating conditions. 
2. All typical values are Vcc = 5.0V, Ta = 25°C. 
3. Not more than one output should be shorted at a time, and duration of the short-circuit should not exceed one second. 


Metallization and Pad Layout 


oo OnNauw4r WH = 


DIE SIZE 0.060" X 0.103” 
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Am25LS/54LS/74LS240 


SWITCHING CHARACTERISTICS 
(Ta = +25°C, Vec = 5.0V) 


Am25LS240 Am54LS/74LS240 


Test Conditions 
(Notes 1—5) 


Parameters Description 
Propagation Delay Time, 


Propagation Delay Time, 
High-to-Low-Level Output 


Output Enable Time to Low Level |__| ai 

[Output Enable Time to High Level [| 1a | 20 | 
a Ea 
ae a 


Output Disable Time from Low Level 
Output Disable Time from High Level 


teLz 
tpHz 


Am25LS ONLY 
SWITCHING CHARACTERISTICS 
OVER OPERATING RANGE” 


Am25LS COM'L_ 


Ta = 0°C to +70°C 
Vcc = 5.0V +5% 


Am25LS MIL 


Ta = —55°C to +125°C 
Voc = 5.0V +10% 


Units Test Conditions 


Parameters Description 


t Propagation Delay Time, 
PLH Low-to-High-Level Output 
Propagation Delay Time, 
High-to-Low-Level Output ae 
Output Enable Time to High Level Saat ae ae 


Output Disable Time from Low Level 
| tpyz | Output Disable Time from High Level 


“AC performance over the operating temperature range is guaranteed by testing defined in Group A, Subgroup 9. 


LOAD CIRCUIT FOR VOLTAGE WAVEFORMS 
THREE-STATE OUTPUTS ENABLE AND DISABLE TIMES, THREE-STATE OUTPUTS 


OUTPUT 


CONTROL 
(LOW-LEVEL 1.3V 
ENABLING) | 


t 
anal 
SICLOSED ‘\Q 
| S2 OPEN 1.3V 


S1 OPEN 1.3V Sy 
OR S2 CLOSED 
IN3064 WAVEFORM 2 =OV 


WAVEFORM 1 


. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. 

. Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control. 

. Inthe examples above, the phase relationships between inputs and outputs have been chosen arbitrarily. PRR < 1.0MHz, ZouT ~ 502) 
and t; < 2.5ns, te < 2.5ns. 
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Am25LS241°Am54LS/74LS241 
Am25LS244«Am54LS/74LS244 


Octal Three-State Buffers 


DISTINCTIVE CHARACTERISTICS FUNCTIONAL DESCRIPTION 


® Three-state outputs drive bus lines directly The ‘LS241 and 'LS244 are octal buffers fabricated using 
Hysteresis at inputs improve noise margin advanced low-power Schottky technology. The 20-pin pack- . 
PNP inputs reduce D.C. loading on bus lines age provides improved printed circuit board density for use 
Data-to-output propagation delay times — 18ns MAX. in memory address and clock driver applications. 


Enable-to-output — 30ns MAX. Three-state outputs are provided to drive bus lines directly. 

Am25LS241 and 244 specified at 48mA output current The Am25L$241 and Am25LS244 are specified at 48mA and 

20 pin hermetic and molded DIP packages 24mA output sink current, while the Am54LS/74LS241 and 

100% product assurance testing to MIL-STD-883 Am54LS/74LS244 are guaranteed at 12mA over the military 

requirements range and 24mA over the commercial range. Four buffers are 
enabled from one common line and the other four from a 
second enable line. 


The 'LS241 has enable inputs of opposite polarity to allow 
use as a transceiver without overlap. The ‘LS244 enables are 
of similar polarity for use as a unidirectional buffer in which 
both halves are enabled simultaneously. 


Improved noise rejection and high fan-out are provided by 
input hysteresis and low current PNP inputs. 


LOGIC DIAGRAMS 


‘LS241 ‘LS244 


"LS241 "LS244 


INPUTS | OUTPUT 


Note: All devices have input hysteresis. 


CONNECTION DIAGRAMS 
Top Views 


Vec = Pin 20 
Note: Pin 1 is marked for orientation. GND = Pin 10 
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Am25LS/54LS/74LS241/244 


Am25LS241«Am25LS244 

ELECTRICAL CHARACTERISTICS 

The Following Conditions Apply Unless Otherwise Specified: 

COM’L Ta = 0°C to +70°C Vcc = 5.0V + 5% (MIN. = 4.75V MAX. = 5.25V) 
MIL Ta = —58°C to + 125°C Vcc = 5.0V + 10% (MIN. = 4.50V MAX. = 5.50V) 


DC CHARACTERISTICS OVER OPERATING RANGE 


Parameters Description ; Test Conditions (Note 1) 


Voc = MIN., Viy = 2.0V 
lon = —3.0mA, Vi, = Vi_MAX. 


High-Level Output Voltage 


; Guaranteed input logical HIGH 
vn | High-Level Input Voltage voltage for all inputs 


Voc = MIN. 


| «| Hysteresis (Vz 4. — Vz_) 
Off-State Output Current, 
High Level Voltage Applied 


\ Off-State Output Current, 
OZL Low-Level Voltage Applied 


Voc = MAX., Viy = 2.7V 
Voc = MAX., Vi, = 0.4V 
Voc = MAX. 


All Outputs LOW 
Outputs at Hi-Z 


Voo = MIN, 


COM'L, Io, = 48mA 


~ 
p 


So 
~ 


.~ 
Ey 


o 
> 


All Outputs HIGH 


ine) 


Typ 


(Note 2) Max. Units 


Volts 


(=) 
w 
on 


Volts 


Volts 


< 


olts 


Volts 
Volts 


=| 
> 


. 
> 


(3B 
> > 


Notes: 1. For conditions shown as MIN. or MAX., use the appropriate value specified under recommended operating conditions. 


2. All typical values are Vcc =5.0V, Ta = 25°C. 


3. Not more than one output should be shorted at a time, and duration of the short-circuit should not exceed one second. 


MAXIMUM RATINGS above which the useful life may be impaired 
Storage Temperature 
Temperature (Ambient) Under Bias 


—65°C to +150°C 
-55°C to +125°C 


Supply Voltage to Ground Potential 


-0.5V to +7.0V 


DC Voltage Applied to Outputs for HIGH Output State 


—0.5V to +Vcc max. 


DC Input Voltage 
DC Output Current 
DC Input Current 
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~0.5V to +7.0V 
150mA 
-~30mA to +5.0mA 


Am25LS/54LS/74LS241/244 


Am54LS/74LS241+Am54LS/74LS244 

ELECTRICAL CHARACTERISTICS 

The Following Conditions Apply Unless Otherwise Specified: 

COM’L Ta = O°C to +70°C Vcc = 5.0V + 5% (MIN. = 4.75V MAX. = 5.25V) 
MIL Ta = —55°C to +125°C Voc = 5.0V + 10% (MIN. = 4.50V MAX. = 5.50V) 


DC CHARACTERISTICS OVER OPERATING RANGE 


Typ. 
Parameters Description Test Conditions (Note 1) Min. (Note 2) Max. Units 


Voc = MIN., Viy = 2.0V 
lon = —3.0mA, Vit = VipMAX. 


High-Level Output Volt 
igh Eeven/Cnpur vomaue Voc = MIN., | MIL, Io = —12mA 
Vit = 0.5V COM'L, loH= —15mA 
All, lo = 12mA 
Voce = MIN. 


Low-Level Output Voltage 
: Guaranteed input logical HIGH 
Vin High-Level Input Voltage voltage for all inputs 


Vik Input Clamp Voltage Vcc = MIN., |) = —18mMA 
Hysteresis (V7, — Vy_) Voc = MIN. 


Off-State Output Current, Va = 2.7V 
High Level Voltage Applied a 
Off-State Output Current, = " 
Low-Level Voltage Applied Vir vies || Mee SY 
Input Current at Maximum _ _ 
Input Voltage Veo = Make N (00M 
High-Level Input Current, Any Input Veco = MAX., Viy = 2.7V 
Low-Level Input Current Voc = MAX., Viz = 0.4V 
Short Circuit Output Current (Note 3) | Voc = MAX. 

All Outputs HIGH 


All Outputs LOW 
Outputs at Hi-Z 


Vou Volts 


Vo Volts 


Volts 


Volts 


Volts 
Volts 


oO 
~ 


loZH 


loz 


3 
> 


.~ 
Bp 


> 


3 
> 


be 
Isc 


“NI 
E/E 


— 
Ww 


Voc = MAX. 
Outputs open 


loc Supply Current 


W 
NO 


Notes: 1. For conditions shown as MIN. or MAX., use the appropriate value specified under recommended operating conditions. 
2. All typical values are Vcc = 5.0V, Ta = 25°C. 
3. Not more than one output should be shorted at a time, and duration of the short-circuit should not exceed one second. 


Metallization and Pad Layouts 


o ONO OA RP WD 
oO On Ooh WN = 


DIE SIZE 0.060” X 0.103” DIE SIZE 0.060” X 0.103" 
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Am25LS/54LS/74LS241/244 


SWITCHING CHARACTERISTICS 
(Ta = +25°C, Voc = 5.0V) 


Am54LS/74LS241 
Am54LS/74LS244 


Am25LS241 
Am25LS244 


Test Conditions 


Parameters Description (Notes 1—5) 


t Propagation Delay Time, 
PLH Low-to-High-Level Output 
t Propagation Delay Time, 
PHL High-to-Low-Level Output 
[tex | Output Enable Time to Lowtevel [| 20 [30 | 20 | 90 | ne 
[Output Enable Timeto High Level | [ts | as | | 8 | 28 ne 
ae ae ee ee 
i ee 


Output Disable Time from Low Level 
Output Disable Time from High Level 


Am25LS ONLY 
SWITCHING CHARACTERISTICS 
OVER OPERATING RANGE* 


Am25LS COM’L Am25LS MIL 


Ta = 0°C to +70°C Ta = —55°C to +125°C 
Vcc = 5.0V +5% Vcc = 5.0V +10% 


Units Test Conditions 


Parameters Description 
ow-to-High-Level Output 
High-to-Low-Level Output 


tex, | Output Enable TimetoLowlevel |_| a +f Sidi Sa 
janie Pe 
ieee! a 
Eo os 


Output Enable Time to High Level 
Output Disable Time from Low Level 
| tpyz Output Disable Time from High Level 


*AC performance over the operating temperature range is guaranteed by testing defined in Group A, Subgroup 9. 


LOAD CIRCUIT FOR VOLTAGE WAVEFORMS 
THREE-STATE OUTPUTS ENABLE AND DISABLE TIMES, THREE-STATE OUTPUTS 


OUTPUT 


CONTROL 
(LOW-LEVEL 1.3V . 
ENABLING) | 
. t 
eee 
WAVEFORM 1 ; = 
SICLOSED ‘at 
S2 OPEN ; 
FROM OUTPUT 4 ; 
UNDER TEST 2H Hé 0.5V 
se 
C OR S1 OPEN 1.3V "184 & Sp =1.5V 
L S2 CLOSED 
IN3064 WAVEFORM 2 =0V CLOSED 


. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. 
. Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control. 
. In the examples above, the phase relationships between inputs and outputs have been chosen arbitrarily. 

. Pulse generator characteristics: PRR < 1.0MHz, Zoyr ~ 500, t, < 15ns, ty < 6ns. 

. When measuring tp,y and tpy,, switches S; and So are closed. 
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Am25LS242°Am54LS/74LS242 
Am25LS243 eAm54LS/74LS243 


Quad Bus Transceivers with Three-State Outputs 


DISTINCTIVE CHARACTERISTICS FUNCTIONAL DESCRIPTION 


@ Three-state outputs drive bus lines directly The ‘LS242 and 'LS243 are quad bus transceivers designed 
e Hysteresis at inputs improve noise margin for asynchronous two-way communications between data 
e@ PNP inputs reduce D.C. loading on bus lines buses. 
e 
e 
e 


ee Sle ea a times — 18ns MAX. The 'LS242 and ‘'LS243 have the two 4-line data paths con- 
HadIe tO OUTPUT — SUNS = nected input-to-output on both sides to form an asynchron- 
Am25LS242 and Am25LS243 are specified at 48mA output ous EaneceiverGurer with complementing enable inputs. 
current The 'LS242 is inverting, while the ‘LS243 presents non- 
@ 100% product assurance testing to MIL-STD-883 inverting data at the outputs. 
requirements 
Three-state outputs are provided to drive bus lines directly. 
The Am25LS242 and Am25LS243 are specified at 48mA and 
24mA output sink current, while the Am54/74LS242 and 243 
are guaranteed at 12mA over the military range and 24mA 
over the commercial range. 


Improved noise rejection and high fan-out are provided by 
input hysteresis and low current PNP inputs. 


LOGIC DIAGRAMS 
Am54LS/74LS242 Am54LS/74LS243 


Note: All devices have input hysteresis. 


CONNECTION DIAGRAMS LOGIC SYMBOLS 
Top Views 


Vec = Pin 14 
GND = Pin 7 


Note: Pin 1 is marked for orientation 
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Am25LS/54LS/74LS242/243 


Am25LS242 eAm25LS243 

ELECTRICAL CHARACTERISTICS 

The Following Conditions Apply unless Otherwise Specified: 

COM'L Ta = 0°C to +70°C Vcc = 5.0V + 5% (MIN. = 4.75V MAX. = 5.25V) 
MIL Ta = —58°C to +125°C Voc = 5.0V + 10% (MIN. = 4.50V MAX. = 5.50V) 


DC CHARACTERISTICS OVER OPERATING RANGE 


Typ. 
Parameters Description Test Conditions (Note 1) Min. (Note 2) Max. Units 


Voc = MIN., Vi = 2.0V 
lon = —3.0mA, Vit = ViPMAX. 


High-Level Output Volt 
evel PU eneee Voc = MIN., | MIL, Ilo = —12mA 
Vit = 0.5V 


vo Low-Level Output Voltage Voc = MIN. 


Guaranteed input logical HIGH 


High-Level Input Voltage voltage for all inputs 


COM’L 
Low-Level Input Volt 
ow-Level input Voitage 


Input Clamp Voltage 


Pasta Hysteresis (V7, — Vy_) 


Off-State Output Current, 
02H High Level Voltage Applied 


Off-State Output Current, 

OZL Low-Level Voltage Applied 
Input Current at Maximum fos ae a 
Input Voltage sc cematae said 


Poin High-Level Input Current, Any Input Voc = MAX., Vin, = 2.7V 


Low-Level Input Current Voc = MAX., Vip = 0.4V 
Short Cieuit Output Current (Note 3 


tel aad 'L$242, 'LS243 
Voc = MAX. 


Vou 
VoL 
Vin 
Vit 
lie 
Isc 
loc 


Supply Current Outputs open all Sutputs 'LS242, ‘LS243 
LOW 
(Note 4) 


Outputs at "LS242 
Hi-Z ‘LS243 


Notes: 1. For conditions shown as MIN. or MAX., use the appropriate value specified under recommended operating conditions. 
2. All typical values are Vcc = 5.0V, Ta = 25°C. 
3. Not more than one output should be shorted at a time, and duration of the short-circuit should not exceed one second. 


4. For ‘LS242 and ‘LS243 Ic¢c¢ is measured with transceivers enabled in one direction only, or with all transceivers disabled. 


MAXIMUM RATINGS above which the useful life may be impaired 


Storage Temperature -~65°C to +150°C 
Temperature (Ambient) Under Bias -55°C to +125°C 
Supply Voltage to Ground Potential ~-0.5V to +7.0V 
DC Voltage Applied to Outputs for HIGH Output State -0.5V to +Vcc max. 
DC Input Voltage -~0.5V to +7.0V 
DC Output Current . 150mA 
DC Input Current —-30mA to +5.0mA 
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Am25LS/54LS/74LS242/243 


Am54LS/74LS242 e Am54LS/74LS243 

ELECTRICAL CHARACTERISTICS 

The Following Conditions Apply unless Otherwise Specified: 

COM’L Ta = 0°C to +70°C Voc = 5.0V + 5% (MIN. = 4.75V MAX. = 5.25V) 


MIL Ta = —55°C to +125°C Voc = 5.0V + 10% (MIN. = 4.50V MAX. = 5.50V) 
DC CHARACTERISTICS OVER OPERATING RANGE 
Typ. 
Parameters Description Test Conditions (Note 1) Min. (Note 2) Max. Units 


Voc = MIN., Viq = 2.0V 
Ion = —3.0mA, Vit = ViL_MAX. 


Voc = MIN., MIL, lon = —12mA 
Vit = 0.5V COM'L, Io4= —15mA 2.0 


Volts 


All, lo, = 12mA 
Voc = MIN. 2 amet Sa 
COM'L, Io, = 24mA 


olts 


Guaranteed input logical HIGH 


voltage for all inputs Volts 


© 

) 

a 
alt 


< 


olts 


1.5 Volts 


Volts 


llo 
~ 


Off-State Output Current, 
High Level Voltage Applied 
Off-State Output Current, 
Low-Level Voltage Applied 


lozL 


Input Current at Maximum 
Input Voltage 


High-Level Input Current, Any Input Voc MAX., Vin = 2.7V | 
bie Low-Level Input Current Voc = MAX., Viz = 0.4V Po 
So | Shon Creat Ouiput Curent oie) Voo = MAK 


All Outputs P ' 
HIGH LS242, ’'LS243 22 
All Outputs , J 
Outputs at ’LS242 29 
Hi-Z 'LS243 


Notes: 1. For conditions shown as MIN’ or MAX., use the appropriate value specified under recommended operating conditions. 
2. All typical values are Vcc = 5.0V, Ta = 25°C. 


Voc = MAX., V; = 7.0V 


.S = 


> 


3 
> 


> 


Voc = MAX. 
Supply Current Outputs open 
(Note 4) 


> > 


: 
NO 


3. Not more than one output should be shorted at a time, and duration of the short-circuit should not exceed one second. 


4. For ‘LS242 and 'LS243 Icc¢ is measured with transceivers enabled in one direction only, or with all transceivers disabled. 


Metallization and Pad Layouts 


DIE SIZE 0.060” x 0.103” DIE SIZE 0.060” x 0.103” 
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Am25LS/54LS/74LS242/243 


Am25LS242°Am54LS/74LS242 
SWITCHING CHARACTERISTICS 
(Ta = +25°C, Vec = 5.0V) 
Parameters Description 


Propagation Delay Time, 
Low-to-High-Level Output 


| Amasis2qz | Ams4Lsi74is242 
Min. Typ. Max. | Min. Typ. Max. 


Test Conditions 
(Notes 1—5) 


Units 


Propagation Delay Time, 
High-to-Low-Level Output 


Ure UE E able Tiltie TOL CSVR Co eae hs seO earon 
eae ee 
ee ee ee ee 
oe eae 


Output Enable Time to High Level 
Output Disable Time from Low Level 
Output Disable Time from High Level 


tpLz 
tpHz 


Am25LS242 ONLY 
SWITCHING CHARACTERISTICS 
OVER OPERATION RANGE* 


Am25LS MIL 


Ta = —55°C to +125°C 
Voc = 5.0V +10% 


Am25LS COM’L 


Ta = 0°C to +70°C 
Voc = 5.0V +5% 


Units Test Conditions 


Parameters Description 
t Propagation Delay Time, 
PLH Low-to-High-Level Output 
t Propagation Delay Time, 
PHL High-to-Low-Level Output 


[fez _| Output Enable Time to High Level 
[tenz | Output Disable Time from High Level 


Am25LS243 «Am54LS/74LS243 
SWITCHING CHARACTERISTICS 
(Ta = +25°C, Voc = 5.0V) 
Parameters Description 


t Propagation Delay Time, 
a Low-to-High-Leve! Output 
t Propagation Delay Time, 
PHL High-to-Low-Level Output 
Output Enable Time to Low Level 
Output Enable Time to High Level 


Output Disable Time from Low Level 
Output Disable Time from High Level 


Test Conditions 


(Notes 1—5) 


Am25LS243 ONLY 
SWITCHING CHARACTERISTICS 
OVER OPERATION RANGE* 


Ta = 0°C to +70°C Ta = —558°C to +125°C 
Vcc = 5.0V +5% Vcc = 5.0V +10% 


Parameters Description 
t Propagation Delay Time, 
PtH Low-to-High-Level Output 
t Propagation Delay Time, 
PHL High-to-Low-Level Output 


| tpzH Output Enable Time to High Level 
Output Disable Time from Low Level 
| tpHz Output Disable Time from High Level 


Am25LS/54LS/74LS242/243 


SWITCHING CHARACTERISTICS TEST CONDITIONS 


LOAD CIRCUIT FOR VOLTAGE WAVEFORMS 
THREE-STATE OUTPUTS ENABLE AND DISABLE TIMES, THREE-STATE OUTPUTS 


TEST 7 OUTPUT 3V 
POINT cc CONTROL 


(LOW-LEVEL 1.3V 


ENABLING) ee YY 
Ry ee 


WAVEFORM 1 =4.5V S1 & So 


———— 
S1CLOSED s 
S2 OPEN 1.3V CLOSED 7 TON 
VOL 
FROM OUTPUT : ; o.sv J 
UNDER TEST cae HZ Oe <3 
OH 
1N916 S1 OPEN 1.3V $1 & So =1.5V 
CL OR S2 CLOSED 
1N3064 WAVEFORM 2 a ROY CLOSED 


. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. 
. Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control. 
. In the examples above, the phase relationships between inputs and outputs have been chosen arbitrarily. 

. Pulse generator characteristics: PRR < 1MHz, ZouT ~ 502, tr < 15ns, t¢ < 6ns. 

. When measuring tpi_H and tpHL, switches S1 and So are closed. 


FUNCTION TABLES 


Am54LS/74LS242 Am54LS/74LS243 


CONTROL DATA CONTROL DATA 
INPUTS OUTPUTS INPUTS OUTPUTS 
O | 


oO l 


* * * * 


ISOLATED ISOLATED 
| O 


| = Input 
O = Output 


O = Inverting Output 


*Possible destructive oscillation may occur if the transceivers are enable in both directions at once. 
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Am54LS/74LS245 


Octal Bus Transceiver 


Advanced Micro Devices has no current 
plans to manufacture this product. 

See the Am8304 for a recommended 
improved Octal Bus Transceiver. 
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Am25LS251 ¢ Am54LS/74LS251 


Eight-Input Multiplexers 


LOGIC DIAGRAM 


Am25LS251eAm54LS/74LS251 data 
is combined with the Am25LS151. 


See Am25LS151 data sheet for full 
information. 


*LS251 ONLY 


FUNCTIONAL DESCRIPTION 


The Am25LS151 and the Am25LS251 are eight-input 
multiplexers that switch one of eight inputs onto the 
inverting and non-inverting outputs under the control of a 
three-bit select code. The inverting output W is one gate 
delay faster than the non-inverting output Y. 


The Am25LS251 provides an active-LOW strobe. When the 
strobe is HIGH, the inverting output (W) is HIGH and the 
non-inverting output (Y) is LOW. 


The Am25LS251 features a three-state output for data bus 
organization. The active-LOW strobe, or ‘output control” 
applies to both the inverting and non-inverting output. 
When the output control is HIGH, the outputs are in the 
high-impedance state. When the output control is LOW, 
the active pull-up output is enabled. 


The Am54LS/74LS251 is a standard performance version 
of the Am25LS251. See appropriate electrical characteristics 
tables for detailed AmM25LS improvements. 


LOGIC SYMBOL 


CONNECTION DIAGRAM 
Top View 


D; D2 D3 04 Ds Dg D7 


VCC = Pin 16 
GND = Pin8 


Note: Pin 1 is marked for orientation. 
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Am25LS253 « Am54LS/74LS253 


Dual 4-Line to 1-Line Data Selectors/Multiplexers 


FUNCTIONAL DESCRIPTION 


These dual four-input multiplexers provide the digital 
equivalent of a two-pole, four position switch with the posi- 
tion of both switches set by the logic levels supplied to 
the select inputs A and B. Each section of the Am25LS153 
has a separate active-LOW enable (strobe) input that forces 
the output of that section LOW when a HIGH level is 
applied regardless of the other inputs. 


The Am25LS253 features a three-state output to inter- 
face with bus-organized systems. Each section of the 
Am25LS8253 has a separate active-LOW output control 
that disables the output driver (high-impedance state) of 
that section when a HIGH logic level is applied regardless 
of the other inputs. 


The Am54LS/74LS153 and 253 are standard performance 


versions of the AmM25LS153 and 253. See appropriate electri- 
cal characteristic tables for detailed AM25LS improvements. 


Am25LS253 eAm54LS/74LS253 data 
is combined with the Am25LS153. 


See Am25LS153 data sheet for full 
information | 


LOGIC DIAGRAM 


Aurpar G = Strobe on 'LS153 eee 


2Y G = Output Enable on 'LS253 1Y 


CONNECTION DIAGRAM 
Top View 


2C3 2C2 2C1 2CO0 2yY 


1cO 1C1 1€2 1C3 2CO 2C1 2C2 2C3 


$e, 


pubecmieeacess 
1G DATA 1 DATA 2 
A SELECT 


B SELECT 
2G 


OUTPUT OUTPUT 
1Y¥ 2Y 


7 


VCC = Pin 16 
GND = Pin8 


Note: Pin 1 is marked for orientation. 
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Am25LS257 ¢ Am54LS/74LS257 
Am25LS258 ¢ Am54LS/74LS258 


Quadruple 2-Line To 1-Line Data Selectors/Multiplexers With 3-State Outputs 


DISTINCTIVE CHARACTERISTICS FUNCTIONAL DESCRIPTION 


@ Three-state outputs 
® Pin-outs identical to standard TTL ‘LS157 and ‘LS158 


The 2-line to 1-line data selector multiplexer can be used to 
transfer data to a common data bus directly by using the 


devices . three-state capability of the device. With the output control 
@ Am25LS devices offer the following improvements over (OE) HIGH, the four outputs of the data selector are in the 
Am54/74LS high impedance state. With the output control LOW, the 


— Higher speed 

— 5OmV lower VOL 

— Twice the fan-out over military range 
— 44QuA source current 


@ 100% product assurance screening to MIL-STD-883 
requirements 


selected four bits (A or B inputs) are bussed onto the four 
data lines. 


The Am54LS/74LS257 and 258 are standard performance 
versions of the Am25LS257 and 258. See appropriate electri- 
cal characteristic tables for detailed AmM25LS improvements. 


LOGIC DIAGRAMS 


‘LS258 


OUTPUT ae (15), 
CONTROL (2) 
1 


OUTPUT == 
controt OF 
1A 


4 
4A (14) 


(13) 
B 


4 


: (1) 
SELECT 


CONNECTION DIAGRAM 
Top View 


LOGIC SYMBOLS 


"LS257 "LS258 


2 3 5 6 11 10 14 13 


2 3 5 6 11 10 14 13 


1A 1B 2A 2B 3A 38 4A 4B 


1A 1B 2A 2B 3A 3B 4A 4B 


VCC = Pin 16 
GND = Pin8 


Note: Pin 1 is marked for orientation. 
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Am25LS/54LS/74LS257/258 
Am25LS257 © Am25LS258 


ELECTRICAL CHARACTERISTICS 
The Following Conditions Apply Unless Otherwise Specified: 


COM'L Ta = 0°C to +70°C Vcc = 5.0V # 5% (MIN. =4.75V MAX. =5.25V) 

MIL Ta = —55°C to +125°C Vcc = 5.0V + 10% (MIN. =4.50V MAX. = 5.50V) 

DC CHARACTERISTICS OVER OPERATING RANGE Typ. 

Parameters Description Test Conditions (Note 1) Min. (Note 2) Max. Units 


MIL, Io =—1mA 


COM'L, Io = —2.6mA 2.4 
lot = 4mA 
lol =8mA 


. Guaranteed input logical HIGH 
Vin Input HIGH Level abies 2 
voltage for all inputs 
. ; i MIL 
ViL Input LOW Level Guaranteed input logical LOW P MIL | 
voltage for all inputs 


NO 
L 
w {| Ww 
No] 


Volts 


Volts 


Volts 


j=) 
~ 


Volts 


2 NS Sa] AAC 
58 088 
| ern ees ee (ee ee 
t 
. = ii eee aes eee 
Off-State (HIGH Impedance) ae eae es 
I LA 
OZ Output Current | —20 
Isc Output Short Circuit Current (Note 3) pa fo —85 
LS257 | 63s | 100 | 
Mivoutaannes i a 
LS258 | 43a ao 
Power Supply 5257 es 
Icc All Outputs LOW Vcc = MAX. mA 
a7 | 153 
a ONAGAOEE LS257 : a ae ae a 
LS258 eae eee eee a 


Notes: 1. For conditions shown as MIN. or MAX. use the appropriate value specified under Electrical Characteristics for the applicable device type. 
2. Typical limits are at Vec = 5.0V, 25°C ambient and maximum loading. 
3. Not more than one output should be shorted at a time and duration of the short circuit test should not exceed one second. 
4. Icc is measured with all outputs open and all! possible inputs grounded while achieving the stated output conditions. 


Am25LS e Am54LS/74LS 
MAXIMUM RATINGS (Above which the useful life may be impaired) 


Storage Temperature —65°C to +150°C 
Temperature (Ambient) Under Bias —55°C to +125°C 
Supply Voltage to Ground Potential Continuous —0.5Vto+7.0V 
DC Voltage Applied to Outputs for High Output State —0.5 V to +Vec max. 
DC Input Voltage —-0.5V to +7.0V 
DC Output Current, Into Outputs 30mA 
DC Input Current —30 mA to +5.0mA 


-— OOO '- Or eee ee ee 
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Am25LS/54LS/74LS257/258 
Am54LS/74LS257 © Am54LS/74LS258 


ELECTRICAL CHARACTERISTICS 
The Following Conditions Apply Unless Otherwise Specified: 


COM'L TA = O°C to +70°C Vcc = 5.0V + 5% (MIN. =4.75V MAX. = 5.25V) 

MiL TA —55°C to +125°C Vcc = 5.0V + 10% (MIN. =4.50V MAX. = 5.50V) 

DC CHARACTERISTICS OVER OPERATING RANGE Typ. 

Parameters Description Test Conditions (Note 1) Min. (Note 2) Max. Units 


3.4 


54LS, lon = —1mA 


VOH Voits 


74LS, loyH = —2.6mA 


N|N 
‘ss + 
bo 
NO 


© 
N 


Output HIGH Voltage 
All, lot =4mA 


L Output LOW Voltage 
74LS only, lo, = 8mMA 
7 Guaranteed input logical HIGH 
Vie Input HIGH Level i . 2 
voltage for all inputs 
iL 


Guaranteed input logical LOW 54LS 
Input LOW Level ; macs | 


voltage for all inputs 74Ls 


Input Clamp Voltage Vcc = MIN., Ij = -18MA 


S$ 
Ne Input LOW Current Voc = MAX., Vin = 0.4V a 
Others 


NH Input HIGH Current 


Volts 


Volts 


Volts 


Volts 


3 
> 


A 


a 5 


is 


: 
ot 
Zs 
Oo 
< 
n 

i>] 


Input HIGH Current 


Off-State (HIGH Impedance) 
Output Current 


a 
on 
= 
> 


< 
io) 
H] 
oO 
Lh 
< 
| ) 
S NN) 
> 


> > > 


All Outputs HIGH 


All Outputs LOW 
All Outputs OFF 


Notes: 1. For conditions shown as MIN. or MAX. use the appropriate value specified under Electrical Characteristics for the applicable device type. 
2. Typical limits are at Voc = 5.0V, 25°C ambient and maximum loading. 
3. Not more than one output should be shorted at a time and duration of the short circuit test should not exceed one second. 
4. 'cc is measured with all outputs open and all possible inputs grounded while achieving the stated output conditions. 


Power Supply 


| 
op) 
NO 
o1 
~ 
@| co} a] or 
NOE ND (<o) 


conear (Note 4) 


Sm 

Oo 
ae 
sala 


| 
n 
N 
oO 
N 
od 
N 
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Am25LS/54LS/74LS257/258 


SWITCHING CHARACTERISTICS 
(Ta = +25°C, Vcc = 5.0V) 


Am25LS Am54LS/74LS 


Parameters in. : : in. ; : Units Test Conditions 


Select to Output 
[sect to ume | LS258 


Am25LS ONLY 
SWITCHING CHARACTERISTICS 
OVER OPERATING RANGE* 


Ta = 0°C to +70°C 
Vcc = 5.0V +5% 


Ta = —55°C to +125°C 
Voc = 5.0V +10% 


Parameters Description Units Test Conditions 


DEFINITION OF FUNCTIONAL TERMS 

1A, 2A, 3A,4A The data inputs for the 4-bits of the A word. 
1B, 2B, 3B,4B The data inputs for the 4-bits of the B word. 
TY, 2Y,3Y,4Y The four outputs of the multiplexer. 


OE Output Control When the output control is HIGH, the 
four outputs are in the high impedance state. When the output 
control is LOW, the selected A or B input is present at the output. 


Am25LS @ Am54LS/74LS 
LOW-POWER SCHOTTKY INPUT/OUTPUT 
CURRENT INTERFACE CONDITIONS 


DRIVING OUTPUT DRIVEN INPUT 


S Select When the select input is LOW, the A word is present 
at the output. When the select input is HIGH, the B word is 
present at the output. 


FUNCTION TABLE 
INPUTS OUTPUTS 
Output 
Control | Select "LS257 “LS258 
H Zz 


X Zz 
L L 
L H 
H L 
H H 


L=LOW X=Don't Care Z = High Impedance 


H = HIGH Note: Actual current flow direction shown. 
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APPLICATION 


ENABLE —————-—O]| G 


1/2 OF 
Am54LS/74LS139 
$2 


A 
Ngn. M4 8 NS 


$4 


So 


WORD A WORD B 


ENABLE 


8-Word, 4-Bit Multiplexer 


Metallization and Pad Layout 


S 15 OE S 
iA 14 4A 1A 
1B 13 4B 1B 
1Y 12 4Y 1Y 
2A 11 3A 2A 
2B 10 38 2B 
2Y- 9 3Y 2Y 


DIE SIZE 0.057” X 0.057” 


3-130 


Am25LS/54LS/74LS257/258 


WORD G WORD H 


4-BIT 
DATA BUS 


"LS258 
Voc 
Le 15 O€ 
14 4A 
13 4B 
12 4Y 
11. 3A 
10 3B 
9  3Y 


DIE SIZE 0.057" X 0.057” 


Am25LS273B ¢ Am54LS/74LS273B 


8-Bit Register with Clear 


DISTINCTIVE CHARACTERISTICS FUNCTIONAL DESCRIPTION 


Eight-bit, high-speed parallel registers 

Buffered outputs to eliminate output commutation 

Positive edge-triggered D-type flip-flops 

Common clock and common clear 

Am25LS devices offer the following improvements over 
Am54/74LS 

— 50mV lower VOL at Io, = 8mMA 

— Twice the fan-out over military range 

— 44QuA source current at HIGH output 

@ 100% product assurance screening to MIL-STD-883 
requirements 


The Am25LS273B and the Am54LS/74LS273B are eight-bit 
registers built using Advanced Low-Power Schottky Tech- 
nology. These registers consist of D-type flip-flops with a 
buffer common clock -and an asynchronous active LOW 
buffered common clear. 


When the clear input is LOW, the Q outputs are LOW, 
independent of the other inputs. Information meeting the: 
set-up and hold time requirements of the D inputs is trans- 
ferred to the O outputs on the LOW-to-HIGH transition of 
the clock input. These devices are supplied in the 20-pin 
space saving package featuring 0.3-inch centers between rows 
of leads. 


Note: The B designation identifies buffered output versions pro- 
vided to eliminate output commutation. 


LOGIC DIAGRAM 


CONNECTION DIAGRAM LOGIC SYMBOL 


Top View 


Dg 


Og A5 Ds 


1 
| 
cL 


Q3 GND 


Vcc = Pin 20 
GND = Pin 10 


Note: Pin 1 is marked for orientation. 
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Am25LS/54L S/74LS273B 


Am25LS273B 


ELECTRICAL CHARACTERISTICS 
The Following Conditions Apply Unless Otherwise Specified: 


COM’L Tp =0°C to +70°C Veco =5.0V +5%  MIN.=4.75V MAX. = 5.25V 

MIL Ta =—SB°C to +126°C = Vee = 5.0V 410% MIN.=4.50V MAX. = 5.50V 

DC CHARACTERISTICS OVER OPERATING RANGE Typ. 

Parameters Description Test Conditions (Note 1) Min. (Note 2) Max. Units 


2.6 


COM'L 2.4 


lol =4.0mA 
lot = 8.0mA 


Guaranteed input logical HIGH 
voltage for all inputs 


Vcc = MIN., loH = —440 uA 
Vin = Vin oF Vib 


Output HIGH Voltage Volts 


oe 
aN 


3.4 


Vcc = MIN. 
VIN = Vin OF VIL 


Volts 


Output LOW Voltage 


0.45 


Input HIGH Level Voits 


ee 
fo) 


COM'L 


Guaranteed input logical LOW 
voltage for all inputs 


input LOW Level Volts 


jon) 
~ 


| 
aad . 
oO 


Input Clamp Voltage Volts 


Vcc = MIN., lin = —18MA 


—0.36 


Input LOW Current Vcc = MAX., VIN = 0.4V 


i 
> 


Input HIGH Current 


Voc = MAX., Vin = 2.7 


N 
a 

:~ 

> 


Input HIGH Current Vcc = MAX., Vin = 7.0V 


Output Short Circuit Current 
(Note 3) 


iP 

on 

c 
00 a 

o 

3 3 

> > 


Power Supply Current 
(Note 4) 


= 

fe 
N 

o 
> 


Notes: 1. For conditions shown as MIN. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type. 
2. Typical limits are at Voc = 5.0V, 25°C ambient and maximum loading. 
3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 
4. All outputs open and 4.5 V applied to the data and clear input. Measured after a momentary ground, then 4.5 V applied to the clock input. 


Am25LS ¢ Am54LS/74LS 


MAXIMUM RATINGS (Above which the useful life may be impaired) 

Storage Temperature —65°C to +150°C 
Temperature (Ambient) Under Bias —55°C to +125°C 
Supply Voltage to Ground Potential Continuous —0.5V to +7.0V 
DC Voltage Applied to Outputs for High Output State —0.5V to+Vcc max. 
DC Input Voltage —0.5V to +7.0V 
DC Output Current, Into Outputs 30mA 
DC Input Current —30mA to +5.0mA 
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Am25LS/54LS/74LS273B 


Am54LS/74LS273B 
ELECTRICAL CHARACTERISTICS 
The Following Conditions Apply Unless Otherwise Specified: 


Vcc = MIN. 
VIN = Vi or Vie 


COM’L T, =0°Cto+70°C Vcc = 5.0V +5% MIN.=4.75V MAX. =5.25V 
MIL Ta =—58°C to +125°C = Vee = 5.0V 410% = MIN.=4.50V MAX. =5.50V 
DC CHARACTERISTICS OVER OPERATING RANGE Typ. 
Parameters Description Test Conditions (Note 1) Min. (Note 2) Max. Units 
| Voc = MIN., loy = —400nA MIL 25 34 | | 
Output HIGH Voltage ce on . | 25 Volts 


All, lol = 4.0mA ae 
74LS only, Io, = 8.0mA Ld 


Guaranteed input logical HIGH 
voltage for all inputs 


Output LOW Voltage Volts 


Input HIGH Level 


oO (o) 
o BSS 


2.0 


fe 
ek 
ima 
wn 


MIL 
COM’'L 


Guaranteed input logical LOW 
voltage for all! inputs 


oO 
~ 
ii 
Oo 
+ 
74 


< 
fe) 
~ 
a 


Vec = MIN., ling = —18mA 


Vcc = MAX., Vin = 0.4V 


Oo 
= 


BE 


Vcc = MAX., Vin = 2.7V 


Vcc = MAX., Vin = 7.0V 


Output Short Circuit Current 
(Note 3) 


> 


m 


iG 
oO | us 
o 
Ba 
> 


Power Supply Current 
(Note 4) 


27 mA 


| 
> 
on 
= 
~N 


Notes: 1. For conditions shown as MIN. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type. 
2. Typical limits are at Voc = 5.0 V, 25°C ambient and maximum loading. 
3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 
4. All outputs open and 4.5 V applied to the data and clear input. Measured after a momentary ground, then 4.5 V applied to the clock input. 


DEFINITION OF FUNCTIONAL TERMS FUNCTION TABLE 


The D flip-flop data inputs. INPUTS 
Clear. When the clear is LOW, the QO; outputs are LOW, 

regardless of the other inputs. When the clear is HIGH, C 

data can be entered in the register. 

Clock pulse for the register. Enters data on the positive 

transition. 

The TRUE register outputs. 


X = Don’t Care 
NC = No Change 
HIGH Transition 
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Am25LS/54LS/74LS273B 


SWITCHING CHARACTERISTICS 
(Ta = +25°C, Vcc = 5.0V) 


Parameters Description 


Am25LS 


Am54LS/74LS 


Units Test Conditions 


x 

Pith DataHoig =| tT Se eal ee 
Set-up, Clear Recovery 

rexiNowTT | oximum Gosk Freeney [30 | [ 


Note 1. Per industry convention, fmgx is the worst case value of the maximum device operating frequency with no constaints on ty, tf, 
pulse width or duty cycle. 


Am25LS ONLY 
SWITCHING CHARACTERISTICS 
OVER OPERATING RANGE* 


Ta =0°C to +70°C 
Vcc = 5.0V 5% 


Ta =—55°Cto+125 °C 
Vcc = 5.0V +10% 


Test Conditions 


Parameters Description Units 


Data Hold 


Set-up, Clear Recovery 

; 25 

(in-Active) to Clock Poe [| 
fmax(Note1)| Maximum Clock Frequency ras | 


‘* AC performance over the operating temperature range is guaranteed by testing defined in Group 


A, Subgroup 9. 


Am25LS ¢ Am54LS/74LS Metallization and Pad Layout 
LOW-POWER SCHOTTKY INPUT/OUTPUT 
CURRENT INTERFACE CONDITIONS 


DRIVING OUTPUT DRIVEN INPUT 


mnt 


77 
ion 


. 4 


Note: Actual current flow direction shown. DIE SIZE 0.080” X 0.111” 
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Am25LS/54LS/74LS273B 


ORDERING INFORMATION 


Am54LS/ 
Package Temperature Am25LS273B 74LS273B 
Type Range Order Number Order Number 


Molded DIP 0°C to +70°C AM25LS273BPC SN74LS273BN 


Hermetic DIP 0°C to+70°C AM25LS273BDC SN74LS273BJ 
Dice 0°C to +70°C AM25LS273BXC SN74LS273BX 
Hermetic DIP —58°C to +125°C AM25LS273BDM SN54LS273BJ 
Hermetic Flat Pak —55°C to + 125°C AM25LS273BFM SN54LS273BW 
Dice —55°C to +125°C AM25LS273BXM SN54LS273BX 


APPLICATION 


| CLOCK 


ENABLE 
OUTPUT 


. J CONTROL 


8-BIT 
COMMON 
DATA BUS 


DEVICE 1 
DATA 


Am25LS2520 


DEVICE 1 CLEAR 
DEVICE 1 CLOCK 


DEVICE 2 
DATA 


Am25LS273 


DEVICE 2 CLEAR 
DEVICE 2 CLOCK 


DEVICE 3 
DATA 


) 
™~ 
CN 
7) 
a) 
Te) 
N 
E 
xt 


DEVICE 3 CLEAR 
DEVICE 3 CLOCK 


Am25LS273 8-bit registers are shown used as device data input registers on a common 8-bit data bus. 


3-135 


Am25LS281 ° Am54LS/74L8281 


4-Bit Parallel Binary Accumulator 


FUNCTIONAL DESCRIPTION 


DISTINCTIVE CHARACTERISTICS 


Four-bit binary accumulator 
Fifteen-function ALU 
8 arithmetic functions 
7 logic functions 
Edge-triggered register 
Full shifting capability 
Logical shift up 
Logical shift down 
Arithmetic shift up 
Arithmetic shift down 
Parallel load 


The Am25LS281 e Am54LS/74LS281 is a four-bit parallel 
binary accumulator. As shown in the block diagram, it con- 
sists of an ALU, a shift multiplexer, an edge-triggered B 
register, and the necessary instruction decoding logic. 


The ALU performs 15 functions, 8 arithmetic and 7 logical, 
as defined by Tables 1 and 2. All ALU operations are per- 
formed on the Ag-A3 inputs and/or the internal B register. 
The 7 logical functions are performed on an individual bit 
basis between the Ap-A3 inputs and the internal B register. 
The result of the ALU operation is available at the Fo-F3 


Hold outputs. 

@ Expandable An internal full look-ahead carry scheme is used for high- 
Ripple expansion with C,,Cy4q _ _ speed arithmetic operations and provision is made for further 
look-ahead carry expansion with P, G, C, and Am2902 look-ahead by including both carry propagate (P) and carry 
high-speed look-ahead carry generator generate (G) outputs. In slower systems, the carry output 

@ No dynamic hazard Cy+4 can be connected to the next higher C, to provide 


The Am25LS281 and Am54LS/74LS281 do not have 
the dynamic hazard found on the A inputs of the 
SN54S/748281. 


ripple block arithmetic. 


The Fo-F3 outputs are also used as inputs to the shift multi- 
plexer which either performs one of four shift functions on 
the data or passes the data unaltered. The outputs of the shift 
multiplexer are loaded into the internal B register on the LOW 
to-HIGH transition of the clock input unless both register select 
inputs (RSg, RS1) are high. As shown in Table 3, the shift 
multiplexer and clock enable for the B register are controlled 
by the register select (RSg, RS) and register control (RC) 
inputs. The shift multiplexer is expanded by connecting the 
S103 input/output to the SIOg of the next most significant 
device. 


Note: The Advanced Micro Devices: LS281 products were designed 
prior to publication of data sheets by T.|. Review specifications for 
possible differences. 


BLOCK DIAGRAM 


RSo 
ee INSTRUCTION 4 
1 DECODE 
RC i 
SHIFT 
MULTIPLEXER S103 


- i=. 

CE iB REGISTER 
cP cP 
4 
4 
A B 
ALU 

, | 


-3 


The arithmetic shift functions allow the shifting of a number 
without effecting the sign bit, the most significant bit of the 
Most significant device. When cascading devices, the RC input 
of all the devices except the most significant device should be 
connected to ground. The RC input of the most significant 
device then determines whether an arithmetic shift or a logical 
shift is performed on the entire word. 


ie) 


n+4 


The ALU section of the device has been redesigned to elimi- 
nate the dynamic hazard present at the A inputs on the 
SN54S/74S (T.I.) device. On the AMD device, any time a 
function is performed using only the B register as an input, 
the A input is inhibited at the ALU input. 


@| Ul 


4 
M 
ASo 
AS, INSTRUCTION 
Fo 


CONNECTION DIAGRAM 
Top View 


LOGIC SYMBOL 


CP SIOg ASg AS; ASp M_ Fg 


Vcc = Pin 24 
GND = Pin 12 


RS; RSg RC SIOz3 Az C, G Cyyq P GND 


Note: Pin 1 is marked for orientation. 
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Am25LS/54LS/74LS281 


Am25L8281 
ELECTRICAL CHARACTERISTICS 


The following conditions apply unless otherwise specified: 


COM’L Ty, =O Cto+70°C Voc = 5.0V + 5% (MIN. =4.75V MAX. =5.25V) 
MIL Ta =—-55°C to +125°C Vcc =5.0V + 10% (MIN. =4.50V MAX. =5.50V) 
DC CHARACTERISTICS OVER OPERATING RANGE 
. . . Typ. a 
Parameters Description Test Conditions (Note 1) Min. (Note2) Max. Units 


Vcc = MIN., lon = —440nA, 
VIN = Vin or Vat 


VOH Output HIGH Voltage 


Vcc =MIN., 
Vin = Vin or Vi 


Guaranteed input logical HIGH 
2.0 Volts 
Guaranteed input logical LOW a ee 
Input LOW Level : Volts 
voltage for all inputs COM’L | ff os | 


Ag-A3, RSg, RS1, RC, SIOo, LoL Be 
Vec = MAX., Vin =2.7V AS9-AS2, M, Cy uA 
Clock, $109, $103 EY me 
mA 


Output Short Circuit Current 


(Note 3) nCCe a, as) fe | ma 
Power Supply Current 7 


Notes: 1. For conditions shown as MIN. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type. 
2. Typical limits are at Vcc = 5.0V, 25°C ambient and maximum loading. 
3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 
4. These are three-state outputs internally connected to TTL inputs. Input characteristics are measured with RSo, RS4 in a state such that the three- 
State output is OFF. 
. Test Conditions: ASo, AS1, AS2 = HIGH. RSo, RS1, RC, C,, M, CP, Ag, Ai, Az, A3 = GND. 


VOL Output LOW Voltage 


Input LOW Current 


jie Input HIGH Current 


Vit 
V\ 
Hye 
Hy 
Isc 
Icc 


Vcc = MAX., Ving = 0.4V 


Input HIGH Current 


o 


Am25LS ¢ Am54LS/74LS 

MAXIMUM RATINGS (Above which the useful life may be impaired) 

Storage Temperature —65°C to +150°C 
Temperature (Ambient) Under Bias ~—55°C to +125°C 
Supply Voltage to Ground Potential Continuous —0.5V to +7.0V 
DC Voltage Applied to Outputs for High Output State —0.5V to +Vcc max. 
DC Input Voltage (Clock, SIOg, S!03) —0.5V to +5.5V 


DC Input Voltage (Others) 


—0.5V to +7.0V 
TV 10 LV 
DC Output Current, Into Outputs 30mA 
UMA 


DC Input Current —30mA to +5.0mA 
SSS SOMA to +5.0MA 
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Am25LS/54LS/74LS281 


Am54LS/74LS281 
ELECTRICAL CHARACTERISTICS 


The following conditions apply unless otherwise specified: 


COM’L Ty =0°Cto+70°C Voc = 5.0V + 5% (MIN. = 4.75V MAX. =5.25V) 
MIL Ta =-85°C to +125°C =Vec = 5.0V + 10% (MIN. =4.50V MAX. = 5.50V) 
DC CHARACTERISTICS OVER OPERATING RANGE 
Naa _. Typ. ; 
Parameters Description Test Conditions (Note 1) Min. (Note 2) Max. Units 


Vec= MIN., |OH = —440uA, 
Vin = Vin oF VoL 


Vec =MIN., 
Vin = Vin OF VIL 


74LS only, lo. = 8.0mA ae are 0.5 | Volts 


Guaranteed input logical HIGH 
voltage for all inputs 


Guaranteed input logical LOW 
voltage for all inputs 


tin = —-18mMA 


Vcc = MIN. 


CP, S103 


Ag-A3: RSg, RS1, RC, S109, 
ASg-AS2, M, Cy 


E 
oO 


N 
Ee 
‘= 
> 


. . 


Output Short Circuit Current 
(Note 3) 


Power Supply Current 
i 


Notes: 1. For conditions shown as MIN. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type. 
2. Typical limits are at Vcc = 5.0V, 25°C, ambient and maximum loading. 
3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 
4. These are three-state outputs internally connected to TTL inputs. Input characteristics are measured with RSo, RSj7 in a state such that the three- 
state output is OFF. 
5. Test Conditions: ASg, AS, ASg = HIGH. RSo, RS, RS, Cp, M, CP, Ag, A1, Aa, A3 = GND. 


< 
oO 
(@) 
fl 
= 
> 
x< 
4 
oOo 
fe] |] 
w&w 
~J —_ 
aa ro) 
3 3 3 
> > > 


DEFINITION OF FUNCTIONAL TERMS 


The carry-propagate output for use in multi- 


Ag, Ai, A2,A3 The A data inputs to the ALU. 
level look-ahead schemes. 


ASg, AS, AS2 The control inputs used to determine the 


Fo. F4, Fo, F3 


arithmetic or logic function performed by 
the ALU. 


The data outputs of the ALU. 


The mode control input used to select either 
the arithmetic or logic operations of the 
ALU. 


The carry-in input of the ALU. 


The carry-look-ahead output of the four- 
bit field. 


The carry-generate output for use in multi- 
level look-ahead schemes. 
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The control inputs used to determine the 
shift function performed by the shift multi- 
plexer and generate the clock enable signal 
for the B register. 


The low order serial input/output used to 
expand the shift multiplexer. 


The high order serial input/output used to 
expand the shift multiplexer. 


The clock input. The internal B register is 
loaded on the low-to-high transition of the 
clock input. 


Am25LS/54LS/74LS281 , 


(Ta = +25°C, Vcc = 5.0V) Am25LS Am54LS/74LS 


Parameters Description Min. Typ. 


t 
Sas. CatoCaay 
tPHL 


Typ. Max. Units Test Conditions 


ale 
n n 


et Aoastotme | fF 
ec 
PHL 

Pec alll 0 Oe= UI Sey (aes 


tPLH 29 
23 
t 
PLH Ag to $10g 
tPHL 


t 
bee Az, Ag to $103 
PHL 


t 
ite Fo to SIOg 
tPHL 3 


t 
Ben Fo, F3 to S103 
tPHL 
t 
il RC to $103 
tPHL 
t 
ead ASg-AS2, M to Fo-F3 
tPHL 
t 
a. AS-AS2, M to Cy44 
tPHL 
Ag-A3 to CP 
h 
. power 
h 
ASg-AS2, M to CP 
th 
$109 to CP 
th 
S103 to CP 
th 


RSg, RS1, RC to CP 


ale 
” 


38 
36 
39 
36 


~” 


=) 
” 


Ci = 15pF 
Ry = 2.0k2 


4 
3 


0 
3 
0 


4 


—_ 
ele 
172) wn 


t 


n 


>) 
n 


th 


HIGH 
t CP Pulse Width 
ce 
fmax(Note1)| Clock Frequency (Shift Mode) 


Note 1. Per industry convention, fmax is the worst case value of the maximum device operating frequency with no constraints on ty, tf, pulse width or duty cycle. 


MHz 
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Am25LS/54LS/74LS281 


SWITCHING CHARACTERISTICS 
(Ta = +25°C, Vcc = 5.0V) 


Am25LS Am54LS/74LS 
Parameters Description Min. Typ. Max Min. Typ. Max. Units Test Conditions 
‘ZH fe ee te eee ae CL = 15pF 
tHZ | cece 
tLZ ee ee ieee al ee 
t2H a a a CL = 15pF 
ee Se ee 
tHZ 25 C, =5.0pF 
San i ee Po ec 


ale 
n an 


ie) 
(ao) 


t = 
Rosny WOE 


ASg-AS2, M to G 


16%) 
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ie) 
ie) 


CP to Fo-F3 n 


CP to Cy+4 s 


fe 


ct | et 
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rm {oc 


CP to P 
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CP to G 
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viv 
rT |r 
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FUNCTION TABLES 


TABLE1 
ARITHMETIC FUNCTIONS 
Mode Control (M) = Low 


ALU 


TABLE 2 
LOGIC FUNCTIONS 
Mode Control (M) = High 
Carry Input (C,) = X (Irrelevant) 


ACTIVE-HIGH DATA 
Cyh=H Ch=Ll 
(with carry) (no carry) 
Fo=Lb,F,=F2=F3=H] Fy=H 
F=BMinusA F =B Minus A Minus 1 
F = A Minus B F = A Minus B Minus 1 
F = A Plus B Plus 1 F=APlusB 
F =B Plus 1 Fr=Bn 
F = B Plus 1 Fn=Bn 
F=A Plus 1 
F =A Plus 1 


SELECTION 
AS2 AS1 ASQ 


ACTIVE-HIGH 
DATA FUNCTION 


AS2 AS; ASO 


L 


ALU 
SELECTION 
L 


L 


Fn=An 


TABLE 3 
SHIFT MODE FUNCTIONS 


REG. SEL. B REGISTER AFTER SERIAL 
INPUTS OPERATION L > H CLOCK TRANSITION INPUTS/OUTPUTS 
Z 


Load B Reg. (F > B) fo f4 f9 f3 
Shift Up (2F > B) 
Arith, Shift Up 

Shift Down. (F/2 > B) 


Arith. Shift Down 
Hold 


Opn = Output of the B register (internal). 
f, = Quiescent state of F, output prior to L > H CP transition. 
Bn = Quiescent state of Og, output prior to L — H CP transition. 
Z = High impedance state (output OFF). 
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Am25LS/54LS/74LS281 


Am25LS ONLY 
SWITCHING CHARACTERISTICS 


OVER OPERATING RANGE* Ta =0°C to +70°C Ta = —55°C to +125°C 
Vcc = 5.0V + 5% Vcc = 5.0V + 10% 


Description Min. Max. Max. 


t 

Ben Ch to Cn+4 
tPHL 

t 

ik Ag-A3 to Cn+4 
PHL 

t 

BEM Cp to Fo-F3 
tPHL 

t — 
PLH Ag-A3 to G 
tPHL 

t = 
PLH Ag-A3 to P 
tPHL 

t 

ene An to Fr 

PHL 

t 

as Ag to SIOg 
tPHL 

t 

ie A, Ag to S103 
tPHL 

t 

pee Fg to S109 
tPHL 

t 

ene Fo, Fz to $103 
tPHL 

t 

pep RC to S103 
tPHL 

t 

Een ASo9-AS2, M to Fo-F3 
tPHL 

t 

OU. ASg-AS2, M to Cag 
tPHL 


Ag-A3 to CP 


Units Test Conditions 


mo) 
rs) 
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f+) 
3°) 
o> 
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n 
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n 


th aca 
ne eer See aeeanes) 
ASp-AS9, M to CP ee ee ee 
h | eo lee I ee 
ne ee eee 


, RSg, RS1, RC to CP 
h 


H 
= CP Pulse Width 


LOW 


fVlax. Clock Frequency (Shift Mode) 
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Am25LS/54LS/74LS281 


Am25LS ONLY 
SWITCHING CHARACTERISTICS 
OVER OPERATING RANGE* 


Am25LS MtL 


Ta =—-55 °C to +125°C 
Vcc = 5.0V +10% 


Min. Max. 


Am25LS COM'L 


Ta = 0°C to +70 C 
Vcc = 5.0V £5% 
Min. Max. 


Parameters Description Units Test Conditions 


ee ee ee G.= Teer 
sche RSg, RS; to SIOg = 
LZ Ree tee Ue ee is ete DRG oe cs 
RSg, RSq to SIO3 
(eamcees) (AEE) AL 2.0K0 


ns 
ns 


~”n 


et 
3 
a 
— 
a 7 7 n 


n 


77) 


CP to Cyi4 


om] 
n” 


CP toP 


e+ | oct 
UU {0 
rir 
mit 


3 


Es 
0 
rc 
2E 


*AC performance over the operating temperature range is guaranteed by testing defined in Group A, Subgroup 9. 


TABLE 4. G, P AND CARRY FUNCTIONS FOR OUTPUTS 


DEFINITION 
OF TERMS OUTPUTS 


G 


cE H 
P3P2P7Po G3 + P3Go + P3P2G1 + P3P2P1Go 
P3P9P7Po G3 + P3gGo + P3P2G1 + P3P2P1Go 
P3P5P1Po9 G3 + P3Go + P3P2G1 + P3P2P1Go9 
P3P2P4Po 
P3P2P1Po 
P3P2P1Po 
Bae QP ar 
L 
P3P9P1Po G3 +P3G2 + P3P2G1 + P3P2P1Go 
P3P9P7Po G3 + P3G2 + P3P2G4 + P3P2P1Go 
Lo G3+G2+G1+Go 
Sgr Ge Gr FG 
Gg¥Gg 4G} 100 
L Gg i Gg+Gi + Go 


= 


ae re ee ae ae es Se ee er 
SS Sr ea Se ee ee 
a ye ae ck Fa eo ee a Se oe oo 


L 
L 
L 
L 
L 
L 
L 
L 
H 
H 
H 
H 
H 
H 
H 
H 


N.A. = Not Applicable. 
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Am25LS/54LS/74LS281 


INPUT/OUTPUT 
CURRENT INTERFACE CONDITIONS 


DRIVEN INPUT DRIVEN INPUT DRIVEN INPUT 


INPUT © 


is | 


DRIVING OUTPUT DRIVING OUTPUT 


Metallization and Pad Layout 


DIE SIZE 0.111" X 0.121” 
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Am25LS/54LS/74LS281 


ORDERING INFORMATION 


Am54LS/ 


Am25LS281 74LS281 
Package Temperature Order Order 

Type Range Number Number 
Molded DIP 0°C to +70°C AM25LS281PC SN74LS281N 
Hermetic DIP 0°C to +70°C AM25LS281DC SN74LS281J 
Dice 0°C to +70°C AM25LS281 XC SN74LS281X 
Hermetic DIP -55°C to +125°C AM25LS281DM SN54LS281J 
Hermetic Flat Pak -55°C to +125°C AM25LS281FM SN54LS281W 
Dice -55°C to +125°C AM25LS281 XM SN54LS281X 


APPLICATION 


RSg 1 RC 
$109 SIO S103 S109 
C Am25LS281 Am25LS281 


Cy 
G 
O 
e 


Gy 


RSg1 RC 
S109 S103 


RSg 1 RC 
SIO S103 
Am25LS281 


$1045 


Am25LS281 


CARRY IN CARRY OUT 


P 
a 
() C) 


Po 


Am2902 


16-Bit Binary ALU/Accumulator with Full Look-Ahead Carry. 


TABLE 4. G,P AND CARRY FUNCTIONS FOR OUTPUTS 


DEFINITION 
OF TERMS 


INPUTS OUTPUTS 


N.A. = Not Applicable. 
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L L L L L H on 
fo PyPPiPo | GgePgG2*PaP2Gi+PaP2P1Go | G+P-Cr 
Lob oH o-L PaPoP1Po | GgtP3G2+PaP2G1*PaPaPiGo | G+P-Cy 
re PaPgP1Po | Gg+PaG2+PgP2G1*PaP2Pi1Go | G+P-Ch 
L H L L P3P5P7Po P-Cy 

L H L H P3P5P1Po P-Cry 

L H H L P3P5P4Po P-Cy 

L H H H P3P9P7Po P-C, 
H L L L L H Ch 

H L L H P3P2P1Po Gg + PgGa + P3P2G1 + P3P2P1Go G+P-Cp 
H L H L P3P2P1Po Gg +P3G2 + P3P2G1 + P3P2P1Go G+P-Cy 
H L H H P3P2P4Po G3 + P3Gq + P3P2Gi + PgP2P1Go G+P-Cy 
H H L i L G3 + Go+G1+Go G+tCy 
H H L H L G3 + Go + G1+Go Gt+Cy 
H H H L e G3+Go+ G1 +Go G+Cy 
H H H H L G3 + Gp+G1+Go G+Cy 


Am25LS299 - Am54LS/74LS299 


8-Bit Universal Shift/Storage Register 


DISTINCTIVE CHARACTERISTICS FUNCTIONAL DESCRIPTION 


The Am25LS299 and Am54LS/74LS299 are eight-bit universal 
shift/storage registers with three-state outputs. Four modes of 
operation are possible: hold (store), shift left, shift right, and 
load data. 


@ Four operational modes: shift left, shift right, parallel load, 
hold 

Common input/output pins 

Three-state outputs 

Buffered asynchronous master clear 

Separate shift right serial input and shift left serial input 
for easy cascadability 

Am25LS devices offer the following improvements over 
Am54/74LS 

— Higher speed 

— 50mV lower Voz at lo, = 8mA 

— Twice the fan-out over military range 

— 440uA source current at HIGH output . 

®@ 100% product assurance screening to MIL-STD-883 
requirements 


Parallel load inputs and register outputs are multiplexed to 
reduce the total number of package pins. Separate continuous 
outputs are also provided for flip-flop A and H. These de- 
vices can be cascaded to N-bit words easily. 


A separate active low asynchronous clear input is used to 
reset the register. Whenever the clear input is LOW, all internal 
flip-flops are set LOW independent of all other inputs. See the 
Am25LS823 for the identical logic function to the Am25LS299 
and Am54LS/74LS299, but with synchronous clear capability. 


Note: The Advanced Micro Devices’ LS299 products were designed 
prior to publication of data sheets by T.1. Review specifications for 
possible differences. 


LOGIC DIAGRAM 


fen pester sliaa St 


ii iain ss a 


SR 
SHIFT 


ce fs. Ts, 


esi =i 
Bi 


cLock - 


Qo 
CLEAR 
CLR 


6,2 
Go 


OUTPUT 
CONTROLS 


CONNECTION DIAGRAM 
Top View 


Q7 DY7 DY, DY3 DY, CP 


16 #15 14 


Vcc = Pin 20 
GND = Pin 10 


Note: Pin 1 is marked for orientation. 
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Am25LS/54LS/74LS299 


Am25LS8299 


ELECTRICAL CHARACTERISTICS 
The Following Conditions Apply Unless Otherwise Specified: 


COM'L Ta =0°Cto+70°C Vec = 5.0V +5% MIN.=4.75V MAX. =5.25V 

MIL Ta =—85°C to +125°C = Veg = 5.0V 10% MIN.=4.50V MAX. = 5.50V 

DC CHARACTERISTICS OVER OPERATING RANGE Typ 

Parameters Description Test Conditions (Note 1) Min. (Note 2) Max. Units 


‘ —440uA COM’L 7 


Vcc = MIN. 
Output HIGH Voltage Vin = Vi or rr Fon Volts 
F =—1.0m : 
VIL DYg—DY7 - On 
COM'L, lon = —2.6mA 2.4 


Vcc = MIN. 
Vin = Vin or Vit 


lot =4.0mA 


{o_ = 8.0mA 


VoL Output LOW Voltage 


Guaranteed input logical HIGH 
voltage for all inputs 


Input HIGH Level 2.0 


s 
= 


. 
N N 
BN oO 
; So 
S) 
on 
os) 
> 
< 
fb 
> 
n 


COM’'L 


Guaranteed input logical LOW 
voltage for ail inputs 


= 
= 


Input LOW Level 


a) 
2) 
oO 
o 
: eS 
on 
fi 

° 

pore 

n 


jo) 
| 
i 
o 
+ 
w” 


Input Clamp Voltage Voc = MIN., lin = —18MA 


So, $1 
Hie Input LOW Current Vec = MAX., Vin = 0.4V Riomcn 
Input HIGH Current Ux SMA A 3a So. 51 
1H (Except DY;) CC” UN All Others 


Sg, $4 
Vin =7.0V t=—= 
G1, Gg, CLR, CP 
Vin =5.5V | All Others 
: iqh- Vo =0.4V 
loz Off-State (High-Impedance) Voc = MAX. 
. Output Current at DY; Vo =2.4V 


Isc Output Short Circuit Current Voc = MAX. 
(Note 3) 
Power Supply Current = 

ICC (Note 4) be, a aes 


Notes: 1. For conditions shown as MIN. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type. 
2. Typical limits are at Voc = 5.0V, 25°C ambient and maximum loading. 
3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second, 
4. Icc measured with clock input HIGH and output controls HIGH. 


b R 
pS ol 
< 

3 o 


MA 


Input HIGH Current 
(Except DY;) 


j=) 
-_ 


i 
i=] 
Oo 
‘= 


= 


a 

00 
B 
> 


Am25LS « Am54LS/74LS 
MAXIMUM RATINGS (Above which the useful life may be impaired) 


Storage Temperature —65°C to +150°C 
Temperature (Ambient) Under Bias ~—55°C to +125°C 
Supply Voltage to Ground Potential Continuous —0.5V to+7.0V 
DC Voltage Applied to Outputs for High Output State —0.5V to +Vec max. 
DC Input Voltage (G1, G2, CLR, CP, Sg, $1) —0.5V to +7.0V 
DC Input Voltage (Others) —0.5V to +5.5V 
DC Output Current, Into Outputs 30mA 
DC Input Current —30mA to +5.0mA 
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Am25LS/54LS/74LS299 


Am54LS/74LS299 


ELECTRICAL CHARACTERISTICS 
The Following Conditions Apply Unless Otherwise Specified: 


COM’L Ta =0°Cto+70°C Vec = 5.0V +5% MIN.=4.75V MAX. = 5.25V 

MIL Ta = —55°C to +125°C = Veg = 5.0V 410% = MIN. = 4.50V MAX. = 5.50V 

DC CHARACTERISTICS OVER OPERATING RANGE Tp 

Parameters Description Test Conditions (Note 1) Min. (Note 2) Max. Units 


Vec = MIN. 


—400uA | COM'L 2.7 


NO 
13) 


; =—1.0m : 
|COM'L, Ion = —2.6mA| 1OH = —2.6mA | 24 | ae, 


Vcc = MIN. 
VIN = Vi or Vi 


loL = 8.0mA 
74LS only 0.35 


2.0 


Output LOW Voltage Volts 


© 
NI 


Guaranteed input logical HIGH 
voltage for all inputs 


Input HIGH Level Volts 


Guaranteed input logical LOW 
voltage for all inputs 


Input LOW Level Volts 


Volts 


Input Clamp Voltage Vcc = MIN., jy = —18mMA 


| 
— 
on 


) 
= 
a 
> 


input LOW Current Vcc = MAX., Vin = 0.4V 


—0.4 


Allothes 
Sh 


Vcc = MAX., Vin =5.5V 


PYo=04v 


Input HIGH Current 


(Except DY;) Vcc = MAX., Vin =2.7V | 


aS 
: 
= 
> 


> 
fe) 
o> 
=> 
oO 
ia | 
n 
NO 
: 


zr 
a 


Input HIGH Current 
(Except DY;) 


olo 
“| 
G 
> 


Off-State (High-Impedance) 
Output Current at DY; 


Output Short Circuit Current 


(Note 3) —100 


Ge 

ol 

ape 
> > 


Power Supply Current 
(Note 4) 


Notes: 1. For conditions shown as MIN. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type. 
2. Typical limits are at Vcc = 5.0V, 25°C ambient and maximum loading. 
3. Not more than one Output should be shorted at a time. Duration of the short circuit test should not exceed one second. 
4, ICC Measured with clock input HIGH and output controls HIGH, 


DEFINITION OF FUNCTIONAL TERMS Metallization and Pad Layout 


SR Shift right data input to Qo 

SL Shift left data input to Q7 

Clear Active LOW synchronous input forcing the Qo Sp Voc 
through Q7 register to see LOW conditions, G S; 
visable only if outputs are enabled : 

Clock A LOW-to-HIGH transition will result in the a, ne 
register changing state to next state as described DY, - 
by mode and input data condition qt 

So, $1 Mode selection control lines used to control oN ee: 
input (output during load) conditions ah] DY3 

G1, G2 Active LOW input to control three-state output DY OY, 
in active LOW AND configuration Qp cP 

Qo, Q7 The only two direct outputs; used to cascade 
shift operations Ae = 


DYg—DY7 Input/Output line dependent on mode and out- 
put control. Input only with mode select 
LOAD. Output in all other modes but subject 
to output select (G7, G9). 


DIE SIZE 0.096” X 0.112” 
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Am25LS/54LS/74LS299 


SWITCHING CHARACTERISTICS 
(Ta = +25°C, Vcc = 5.0V) 
Parameters Description 


Clear to DYg- DY7 
Clear to Og or QO7 


Pulse Width (Clock) 
$1, Sg Set-up Time 
DY; or SR, S, Data 12 
Set-up Time 
2 
t Ze We 
$1, Sg, G1, Gg to DY; 


Am25LS Am54LS/74LS 


Min. 


— 
< 
G 
Ss 
f+) 
x 
= 
=] 


Typ. Max. Test Conditions 


—_ 
oO 
No 
[) 


nN 
NO 


NO] 
Ol} NO 


Ww a} 

oO NO} oOo 
NO — 
ol © 
ol 
oO 


aie C= 5.0pF 
S1, So, G1, G2 to DY; 
eee RL = 2.0k2 


Maximum Clock Frequency (Note 1) 


ie) 
oO 


Note 1. Per industry convention, fma x is the worst case value of the maximum device operating frequency with no constraints on try, tf, 
pulse width or duty cycle. 


SWITCHING CHARACTERISTICS emeeierons Am25LS MIL 


OVER OPERATING RANGE* Ta =0°C to +70°C Ta = —55°C to +125 C 
Vcc = 5.0V + 5% Vcc = 5.0V + 10% 


Units Test Conditions 


t ae ee | eee aoe et 
Clock to Q, - 7 
ae aes ee ee ee 


Parameters Description 


ae Pulse Width (Clock) 
: Sy, 5 Setup Time 


Y; 
te DY; or SR. S_ Data 20 23 es 
Set-up Time 


t ae i es ee ees 
ZL cease OO ne ee 
Lz peers eee 3s C= 5.0pF 


*AC performance over the operating temperature range is guaranteed by testing defined in Group A, Subgroup 9. 
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Am25LS/54LS/74LS299 


TRUTH TABLE 


FUNCTION 


Xx 4 xX xX 


Output x Xx 
Control 


DYg DY; DY2 DY3 DY4 DYs DYg DY7 


Load (Note 2) 
Shift Right 
Shift Right 
Shift Left 
Shift Left 


L= LOW Z = High Impedance t = Transition LOW-to-HIGH Notes: 1. Either LOW to observe outputs. 
H = HIGH X = Don’t Care NC = No Change 2. In this mode DY; are inputs. 


Am25LS @ Am54LS/74LS 
LOW-POWER SCHOTTKY INPUT/OUTPUT 
CURRENT INTERFACE CONDITIONS 


DY; ONLY OTHER PINS 


DRIVING OUTPUT DRIVEN INPUT 
Voc 


Note: Actual current flow direction shown. 
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Package 
Type 
Molded DIP 
Hermetic DIP 
Dice 
Hermetic DIP 
Hermetic Flat Pak 
Dice 


Am25LS/54LS/74LS299 


ORDERING INFORMATION 


Am54LS/ 
Am25LS299 74LS299 
Temperature Order Order 
Range Number Number 


0°C to +75°C AM25LS299PC SN74LS299N 

0°C to +75°C AM25LS299DC SN74LS2995 

0°C to +75°C AM25LS299XC SN74LS299X 
-55°C to +125°C AM25LS299DM SN54LS299J 
-55°C to +125°C AM25LS299FM SN54LS299W 
~55°C to +125°C AM25LS299XM SN54LS299X 


APPLICATION 


INPUT/OUTPUT DATA 


DYg DY; DY, DY3z DYy DYg DYg DY7 DYg DY, DY, DY3 DY4 DYg DYg DY; 
Sp SR 

: Am54LS/74LS299 AmS54LS/74LS299 

0 

a) 


SERIAL 
OUTPUT 
LEFT 


SERIAL 
OUTPUT 
RIGHT 


CLEAR 


CLOCK 


OUTPUT 
CONTROL 


MODE 
CONTROL 


16-Bit Cascaded Parallel Load/Unload Shift Right/Left Register. 
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Am25LS$322 ¢ Am54LS/74LS322 


8-Bit Serial/Parallel Register with Sign Extend 


The ‘LS322 is Texas Instruments’ 


planned second source to Advanced 
Micro Devices’ Am25LS22. 


See Am25LS22 data sheet for full 
information. 


FUNCTIONAL DESCRIPTION 


The Am25L822 is an eight-bit serial/parallel register built using ad- 
vanced Low-Power Schottky processing. The device features an eight- 
bit parallel multiplexed input/output port to provide improved bit 
density in a 20-pin package. Data may also be loaded into the device in 
a serial manner from either input Da or Dp. A serial output, Qo, is 
also provided. 


The Am25LS22 is specifically designed for operation with the 
Am25LS14 serial/parallel two’s complement multiplier and provides 
the sign extend function required for this device. 


When the Register Enable (RE) input is HIGH, the register will retain 
its current contents. Synchronous parallel loading is accomplished by 


applying a LOW to RE and applying a LOW to the Serial/Paralle! (S/P) 
input. This places the three-state outputs in the high-impedance state 
independent of OE and allows data that is applied on the input/output 
lines (DY;) to be clocked into the register. When the S/P input is HIGH, 
the device will shift right. The Sign Extend (SE) input is used to repeat 
the sign in the Q7 flip-flop. This occurs whenever SE is LOW when the 
SHIFT mode is selected. When SE is high, the serial two-input multi- 
plexer is enabled. Thus, either Da or Dg can be selected to load data 
serially. The register changes state on the LOW-to-HIGH transition of 
the clock. A clear input (CLR) is used to asynchronously reset all flip- 
flops when a LOW is applied. 


LOGIC DIAGRAM 


REGISTER == 1 
ENABLE 


SERIAL/ 


ennArcee “TER. 2) ert ae a ea 


SIGN =< 
EXTEND 


CLEAR 02 —dSo 


CLOCK 01! po 


THREE 


STATE 0 
CONTROL 
OE 


CONNECTION DIAGRAM 
Top View 


Dg DY6 DY4 DY2 DYO0 Qo cP 


16 #15 14 


Am25LS22 


1 
| 


RE 


Note: Pin 1 is marked for orientation. 
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Am25LS22 
8-BIT SERIAL PARALLEL REGISTER eLoers 


DY; DY¢ DYs DY, DY3 DY, DY, DYo Qo 


Vec = Pin 20 
GND = Pin 10 


Am25LS323°Am54LS/74LS323 


8-Bit Shift/Storage Register with Synchronous Clear 


FUNCTIONAL DESCRIPTION 


The Am25LS23 is an 8-bit universal shift/storage register with 
3-state outputs. The function is similar to the Am25LS299 
with the exception of a synchronous clear function. Parallel 
load inputs and register outputs are multiplexed to allow the 
use of a 20-pin package. Separate continuous outputs are also 
provided for flip-flops Qg and Q7. 


The ‘LS323 is Texas Instruments’ 
planned second source to Advanced 
Micro Devices’ Am25LS23. 


See Am25LS23 data sheet for full 
information. 


Four modes of operation are possible — Hold (store), Shift- 
left, Shift-right and. Load Data. The Am25LS23 has a typical 
shift frequency of 50MHz. The Am25LS23 is. packaged in a 
standard 20-pin package. 


LOGIC DIAGRAM 


lati ale te 
uy ii as 


G, 2 
OUTPUT 1 
CONTROLS G 


CONNECTION DIAGRAM LOGIC SYMBOL 


Top View 


Q, DY; DYg DY3 DY, CP SR 


15 14 


Am25LS23 
8-BIT SHIFT REGISTER 


Am25LS23 


DYg DY, DYz DY3 DY4 DYg DY¢ 


3 
B 
G 


2 DYg DY4 DYz DYg Qg CLR GND 


Vcc = Pin 20 
GND = Pin 10 


: Pin 1 is marked for orientation. 
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Am54LS/74LS348 


Three-State Priority Encoder 


Advanced Micro Devices has no current 
plans to manufacture this product. 


See the Am25LS2513 for a recommended 
alternative Three-State Priority Encoder 
offering greater functional flexibility. 
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Am25LS373 ¢ Am54LS/74LS373 


Octal Latches with Three-State Output 


DISTINCTIVE CHARACTERISTICS FUNCTIONAL DESCRIPTION 


The Am25LS373 and Am54LS/74LS373 are octal latches 
with three-state outputs for bus organized system applications. 
The latches appear to be transparent to the data (data changes 
asynchronously) when latch enable, G, is HIGH. When G is 
LOW, the data that meets the set-up times is latched. Data 
appears on the bus when the output enable, OE, is LOW. When 
OE is HIGH the bus output is in the high-impedance state. 


8 latches in a single package 
@ Three-state outputs interface directly with bus organized 
systems 
@ Hysteresis on latch enable input for improved noise margin 
@ Am25LS devices offer the following improvements over 
Am54/74LS 
— Higher speed 
— Twice the fan-out over military range 
@® 100% product assurance screening to MIL-STD-883 
requirements 


Note: An inverting version of this device, to be called Am54LS/ 
74LS533, is also in development. 


LOGIC DIAGRAM 
Am25LS/54LS/74LS373 


D D D D 
fe) a fe} 
G 6 eC 
©) ©) ©) 
LATCH 
ENABLE © L>o 
C) e C) 
TY TY | 
OE | >o 
Yo Y1 Y2 Y3 Y4 Y5 Y6 Y7 


Outputs Yg through Y7 are inverted on the Am25LS/54LS/74LS533. 


LOGIC SYMBOL 


CONNECTION DIAGRAM 
Top View 


Dy Dz Dz Dg Ds 


Am25LS373 
AmS4LS/74LS373 


Am25LS373 
Am54LS/74LS373 


Y1 Y2 Y3 Y4& Y5 


Vcc = Pin 20 
GND = Pin 10 


Note: Pin 1 is marked for orientation. 
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Am25LS/54LS/74LS373 
Am25LS373 


ELECTRICAL CHARACTERISTICS 
The Following Conditions Apply Unless Otherwise Specified: 


COM’L Ta =0°C to +70°C Voc = 5.0V +5% MIN.=4.75V MAX. =5.25V 

MIL Ta =—-55°Cto+125°C Veco =5.0V 10% MIN.=4.50V MAX. =5.50V 

DC CHARACTERISTICS OVER OPERATING RANGE Typ 

Parameters Description Test Conditions (Note 1) Min. (Note 2) Max. Units 
VOoH Output HIGH Voltage Nae Vv Vv On ae Volts 
VOL Vin = Vin or Vie Volts 

lot = 24mA 
Guaranteed input logical HIGH 
~~ Guaranteed input logical LOW a a ee 
Input LOW Current Vcc = MAX., Vin = 0.4V pf 


‘= 
> 


nN Oo 
fo) — 


Input HIGH Current Vcc = MAX., Vin = 2.7V 
Input HIGH Current Vcc = MAX., Vin = 7.0V _ 


Rade Vo =0.4V 
loz Off-State (High-I mpedance) Vcc = MAX. 
Output Current Vo =2.4V 


ai ee ce 


Notes: 1. For conditions shown as MIN. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type. 
2. Typical limits are at Vcc = 5.0V, 25°C ambient and maximum loading. 
3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 
4. Inputs grounded; outputs open. 


=| 
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os) 
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> > 


‘= 
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Am25LS ¢ Am54LS/74LS 
MAXIMUM RATINGS (Above which the useful life may be impaired) 


Storage Temperature ~65°C to +150°C 
Temperature (Ambient) Under Bias —55°C to +125°C 
Supply Voltage to Ground Potential Continuous —0.5V to+7.0V 
DC Voltage Applied to Outpyts for High Output State —0.5V to +Vcc max. 
DC Input Voltage | | —0.5V to +7.0V 
DC Output Current, Into Outputs | 30mA 
DC Input Current —30mA to +5.0mA 
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Am25LS/54LS/74LS373 
Am54LS/74LS373 


ELECTRICAL CHARACTERISTICS 
The Following Conditions Apply Unless Otherwise Specified: 


COM’L Tp =0°Cto+70°C Voc = 5.0V +5% MIN. =4.75V MAX. =5.25V 

MIL Ta =—-55°C to+125°C }§=—- Veg = 5.0V 410% MIN. =4.50V MAX.=5.50V 

DC CHARACTERISTICS OVER OPERATING RANGE Typ 

Parameters Description Test Conditions (Note 1) Min. (Note 2) Max. Units 


Voc = MIN. loH = —1.0 mA MIL 2.4 34 Ree al 
Output HIGH Voltage aie 2 ae Volts 
Vin = Vin Or Vit | Igy = —2.6mA COM'L 24 aa 
All, lo, = 12mA 
74LS only, lot = 24mA 


Guaranteed input logical HIGH 
ViH Input HIGH. Level voltage for all inputs 2.0 


So je 
on | 


Vcc = MIN. 
VIN = Vin OF VIL 


Voits 


Volts 


© 
bo 
a 


Volts 


= 
- 


N 
= 
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Volts 


= 
) 


=| 
> 


3 
> 


N 
} 


Off-State (High-I mpedance) 
Output Current 


N 
o>] 


Output Short Circuit Current 


(Note 3) —100 


Power Supply Current 
(Note 4) 


< 
i?) 
i?) 
i 
= 
> 
x 
4 
on 
ax 
fe 
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Notes: 1. For conditions shown as MIN. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type. 
. Typical limits are at Voc = 5.0V, 25°C ambient and maximum loading. 

. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 

. Inputs grounded; outputs open. 


PWN 


FUNCTION TABLE DEFINITION OF FUNCTIONAL TERMS 


The latch data inputs. 


Function : ; 
The fatch enable input. Data is latched upon and set-up 


and hold times are referenced to the HIGH-to-LOW 
transition of G. 
The three-state latch outputs. 


Hi-Z 
Transparent 


Latched The output enable control. When OE is LOW, the out- 
puts Yj are enabled. When OE is HIGH, the outputs Yj 


NC = No Change are in the high impedance (off) state. 
Z = High Impedance 
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Am25LS/54LS/74LS373 


SWITCHING CHARACTERISTICS 
(Ta = +25°C, Vcc = 5.0V) 


Am25LS Am54LS/74LS 


Parameters Description Max Units Test Conditions 


Min Typ. 
t 
PLH Enable to Output 


anes GE Rowan 
Dae lnpurwOnmae beet ies re | 
aire. See ae (Ce 


Tas) [HIGH Bata tenable | Sid 
LOW Data to Enable | __—+| —+| Sid) 
pe a I Oe 

oa! 


shit) [LOW dats to Enable [| aes 
[tow [Enable Fuse wie [as 
| ZH | eee Rae ae 
oat lle I Nponcser Smee comme 
rae Sea RAS 
ee res pa 


N 
Wi & 
Oo; © 


= 
NO 
_ 
© 


ia 
”n 


NO —_ 
sh 
GIN 


Am25LS ONLY 


SWITCHING CHARACTERISTICS 
OVER OPERATING RANGE 


Ta = —55°C to +125°C 
Vcc = 5.0V +10% 


Ta =0°C to +70°C 
Vcc = 5.0V +5% 


Parameters Description Units Test Conditions 


tp 
zi Enable to Output 
tPHL 
t 
Data Input to Output 
tPHL 


a 

ith) | HIGH Baia Enabie Sd fo 

| ee ew 

Til) [HIGH Dota to Enabled 

twit) [LOW ata to Enable «|S 
Enable Putsewieth | SC*d 


tow 

OE to Y; Pe ede ce cee ce tee ee 

fee at wees tee et oe ee 

t ees Pee enero: | aIS 
OF to Y, 

RS (es | Peers (ee 


*AC performance over the operating temperature range is guaranteed by testing defined in Group A, Subgroup 9. 


Am25LS e Am54LS/74LS 
LOW-POWER SCHOTTKY INPUT/OUTPUT 
CURRENT INTERFACE CONDITIONS 


DRIVING OUTPUT DRIVEN INPUT 


OL 


| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 


Note: Actual current flow direction shown. 
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Am25LS374 - Am54LS/74LS374 


8-Bit Register With Three-State Outputs 


DISTINCTIVE CHARACTERISTICS FUNCTIONAL DESCRIPTION 


The Am25LS374 and Am54LS/74LS374 are eight-bit registers 
built using advanced Low-Power Schottky technology. These 
registers consist of eight D-type flip-flops with a buffered 


Eight-bit, high speed parallel registers 
® Positive, edge-triggered, D-type flip-flops 
@ Buffered common clock and buffered common three-state 


control common clock and a buffered three-state output control. 
@e Am25LS devices offer the following improvements over When the output enable (OE) input is LOW, the eight outputs 
Am54/74LS are enabled. When the OE input is HIGH, the outputs are in 


— 5OmvV lower VoL at lot = 8mA the three-state condition. 
— Twice the fan-out over military range 
— 440uA source current at HIGH output 

@ 100% product assurance screening to MIL-STD-883 


requirements 


Input data meeting the set-up and hold time requirements of 
the D inputs is transferred to the Y outputs on the LOW-to- 
HIGH transition of the clock input. 


The device is packaged in a space-saving (0.3-inch row spacing) 
20-pin package. 


Note: The Advanced Micro Devices: LS374 products were de- 
signed prior to publication of data sheets by T.!. Review specifi- 
cations for possible differences. 


Note: An inverting version of this device, to be called Am54LS/ 
74LS534, is also in development. 


LOGIC DIAGRAM 


Am25LS/54LS/74LS374 


OE 
OUTPUT 
ENABLE 


Outputs Yg through Y7 are inverted on the Am25LS/54LS/74LS534. 


CONNECTION DIAGRAM 
Top View 


LOGIC SYMBOL 


Do 


Dz 04 Ds 


Am25LS374 
Am54LS/74LS374 


Am25LS374 
Am54LS/74LS374 


Y2 


Y3 4 Ys 


1 
| 
OE 


Vec= Pin 20 
GND = Pin 10 


Note: Pin 1 is marked for orientation. 
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Am25LS/54LS/74LS374 
Am25LS374 


ELECTRICAL CHARACTERISTICS 
The Following Conditions Apply Unless Otherwise Specified: 


COM’L Ty =0°Cto+70°C Voc = 5.0V +5% MIN.=4.75V MAX. =5.25V 

MIL Ta =—-55°C to+125°C Vee =5.0V 410%  MIN.=4.50V MAX. =5.50V 

DC CHARACTERISTICS OVER OPERATING RANGE Typ 

Parameters Description Test Conditions (Note 1) Min. (Note 2) Max. Units 


Volts 


2.4 3.4 


. Vcc = MIN. IOH = —1.0mA, MIL 
Vv Output HIGH Voltage 
On R VIN=VIH OF VIL | IQpy = —2.6mA, COM’L 
Vec = MIN. lot =4.0mA 
ViIn=V V 
m IH or SIL lo, =8.0mMA 


Guaranteed input logical HIGH 
ViH Input HIGH Level voltage for all inputs 2.0 


aie Fetee 


VOL Output LOW Voltage 


we 
bh 


Ne Input LOW Current Vcc = MAX., Vin = 0.4V ol —0.36 mA 


20 A 


Input HIGH Current Vcc = MAX.,, Vin =2.7V 


Input HIGH Current 
Off-State (High-| mpedance) Vcc = MAX. Vo = 0.4V 

Output Current Vo = 2.7V 

Output Short Circuit Current Vec = MAX 

(Note 3) 

Power Supply Current V = MAX 

(Note 4) | 


Notes: 1. For conditions shown as MIN. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type. 
. Typical limits are at Voc = 5.0 V, 25°C ambient and maximum loading. 

. Not more than one output should be shorted at a time. Duration of the short circuit test shouid not exceed one second. 

. All outputs open; all Dj inputs and OE = 4.5V. Apply momentary ground, then 4.5V to clock input. 


Voc = MAX., Vin = 7.0V 


i= 


N 
NO 
i=) 


| 
N 
oS 
= 
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Am25LS ¢ Am54LS/74LS 
MAXIMUM RATINGS (Above which the useful life may be impaired) 


Storage Temperature —65°C to +150°C 
Temperature (Ambient) Under Bias —55°C to +125°C 
Supply Voltage to Ground Potential Continuous —0.5V to+7.0V 
DC Voltage Applied to Outputs for High Output State —0.5V to +Vcc max. 
DC Input Voltage —0.5V to+7.0V 
DC Output Current, Into Outputs 30mA 
DC Input Current —30mA to +5.0mA 
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Am25LS/54LS/74LS374 


Am54LS/74LS374 


ELECTRICAL CHARACTERISTICS 
The Following Conditions Apply Unless Otherwise Specified: 


COM’L Ty, =0°Cto+70°C Vcc = 5.0V +5% MIN. =4.75V MAX. =5.25V 

MIL Ta =—55°C to+125°C =9§ Vee = 5.0V £10% =MIN.=4.50V MAX. =5.50V 

DC CHARACTERISTICS OVER OPERATING RANGE Typ 

Parameters Description Test Conditions (Note 1) Min. (Note 2) Max. Units 


NO 
£ 


3.4 


. Voc = MIN. toH =—1.0mA | MIL : 
VOH Output HIGH Voltage Vacs 
IN=ViIH OF VIL | lop =—2.6mA | COM'L 24 
All, lo, =4.0mA 
VOL 
ViH 


Vec = MIN. 
VIN = ViIH or Vit 


Output LOW Voltage 


SS TALS only, Iq, = 8.0mA 
Input HIGH Level Guaranteed input logical HIGH oR 
voitage for all inputs : 


i i MIL 
pv Input LOW Level Guaranteed input logical LOW F oMiL | 


VIL voltage for all inputs COM'L 
Input Clamp Voltage 
NH 


ed 
ms 


o fo) 
“J ‘A 
oi 
o 
ct 
~” 


Vec =MIN., ljy_y = —18MA 
Input LOW Current Vcc = MAX., Vin =0.4V 
Ta Input HIGH Current 
ey Input HIGH Current 
Vo = 0.5V 
loz | Off State tHightmpedaneed | veg = max 
utput Current Vo =2.4V 
Isc Output Short Circuit Current Vcc = MAX. 45 
(Note 3) 
Power Supply Current = 
! Vcc = MAX. 


Notes: 1. For conditions shown as MIN. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type. 
2. Typical limits are at Vcc = 5.0V, 25°C ambient and maximum loading. 
3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 
4. All outputs open; all D; inputs and OE = 4.5V. Apply momentary ground, then 4.5V to clock input. 


Vcc = MAX.,, Vin = 2.7V 


Vcc = MAX., Vin = 7.0V 


3 


3 
> 


fe 
N 
| 
3 = 


DEFINITION OF FUNCTIONAL TERMS FUNCTION TABLE 


The D flip-flop data inputs. FUNCTION 


Clock Pulse for the register. Enters data on the LOW-to- Clock 


HIGH transition. L 
Hi-Z 
The register three-state outputs. H 


Output Control. An active-LOW three-state control used t 
to enable the outputs. A HIGH level input forces the LOAD t 
outputs to the high impedance (off) state. REGISTER t 

t 


H = HIGH NC = No Change 
L = LOW Z = High Impedance 
X = Don’t Care tT = LOW-to-HIGH transition 
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Am25LS/54LS/74LS374 


SWITCHING CHARACTERISTICS 
(Ta = +25°C, Vcc = 5.0V) 


Parameters Description 


Am25LS Am54LS/74LS 


Note 1. Per industry convention, fmgx is the wor 
width or duty cycle. 


Am25LS ONLY 
SWITCHING CHARACTERISTICS 
OVER OPERATING RANGE* 


Parameters Description 


Units Test Conditions 


ie 
th 


Maximum Clock Frequency (Note 1) 


*AC performance over the operating temperature range is guaranteed by testing defined in Group A, Subgroup 9. 


ORDERING INFORMATION 


Am54LS/ 
Am25LS374 74LS374 
Package Temperature Order Order 


Type Range Number Number 


Molded DIP 0°C to +70°C AM25LS374PC SN74LS374N 
Hermetic DIP 0°C to +70°C AM25LS374DC SN74LS374J 


Dice 0°C to +70°C AM25LS$374XC SN74LS374X 


Hermetic DIP ~55°C to +125°C AM25LS374DM SN54LS374J 
Hermetic Flat Pak ~55°C to +125°C AM25LS374FM SN54LS374W 
Dice —~55°C to +125°C AM25LS374XM SN54LS374X 
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Am25LS/54LS/74LS374 


Am25LS ® Am54LS/74LS Metallization and Pad Layout 
LOW-POWER SCHOTTKY INPUT/OUTPUT 
CURRENT INTERFACE CONDITIONS 


DRIVING OUTPUT DRIVEN INPUT 


a. 


sl 
= 


{: 


7 
P: 
aK 


Note: Actual current flow direction shown. DIE SIZE 0.080” X 0.111” 


APPLICATIONS 


CLOCK 1 


OE 1 


vt 
nt 
~ 
ive) 
- 
wy 
N 
E 
x 


Am25LS374 


Two Am25LS374's can be used as a bi-directional bus driver/register. The above connection shows separate 
clocks and three-state controls. 
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Am25LS377B ¢ Am54LS/74LS377B 


8-Bit Register With Register Enable 


DISTINCTIVE CHARACTERISTICS 


Eight-bit, high speed parallel registers 

Positive, edge-triggered, D-type flip-flops 

Buffered common clock and bufféred common clock enable 
Am25LS devices offer the following improvements over 
Am54/74LS 

— 50mV lower VoL at lot = 8mA 

— Twice the fan-out over military range 

— 440uA source current at HIGH output 

100% product assurance screening to MIL-STD-883 
requirements 


FUNCTIONAL DESCRIPTION 


The Am25LS377B and the Am54LS/74LS377B are eight-bit: 
registers built using advanced Low-Power Schottky technology. 
These registers consist of eight D-type flip-flops with a 
buffered common clock and a buffered common clock enable. 


When the clock enable (E) input is LOW, new data is entered 
into the flip-flop register on the LOW-to-H!IGH transition of 
the clock input. When the(E)input is HIGH, the register will 
retain the present data independent of the clock inputs. 


The device is packaged in a space-saving (0.3-inch row spacing) 
20-pin package. 


Note: The B designation identifies buffered output versions pro- 
vided to eliminate output commutation. 


LOGIC DIAGRAM 


Do 


on 


Dy D> D3 


E 
ENABLE 


EncaIcaC CICA, 


Qo Q4 Qo 


CONNECTION DIAGRAM 
Top View 


Note: Pin 1 is marked for orientation. 


Q3 


D4 Ds Dg 


ak 


Q4 Qs O5 


LOGIC SYMBOL 


Vee = Pin 20 
GND = Pin 10 
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Am25LS/54LS/74LS377B 


Am25LS377B 
ELECTRICAL CHARACTERISTICS 
The Following Conditions Apply Unless Otherwise Specified: 


COM'L Ty, =0°Cto+70°C Voc = 5.0V +5% MIN.=4.75V MAX. = 5.25V 

MIL Ta =—55°C to +125°C = Voc = 5.0V 410% MIN. =4.50V MAX. = 5.50V 

DC CHARACTERISTICS OVER OPERATING RANGE Typ. 

Parameters Description Test Conditions (Note 1) Min. (Note 2) Max. Units 


Vec = MIN., lon = —440nA 
VIN = ViH or VIL 


Output HIGH Voltage 
2.7 


O|;}s 
Ol 
r- 
NO 
ol 
a 
o 
a 


Vcc = MIN. 
VIN = Vin OF VIL 


@ 1kO: 
iz 
i r 
0 5 
oO Oo 
3 3 
> | > 
oO fon) 
he pp 
< 
o 
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Output LOW Voltage 


Guaranteed input logical HIGH 
voltage for ali inputs 


Input HIGH Level 


Guaranteed input logical LOW 
voltage for all inputs 


~ 
Oo 
< 
2 
rt 
nw 
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> 
nw 


Ly 

in 
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o 
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Input LOW Level 


input Clamp Voltage Vcc = MIN., lin = —18mMA 


Input LOW Current Vcc = MAX., Vin = 0.4V 


i 
a) 
op) 
é 
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Input HIGH Current Vec = MAX., VIN =2.7V 


No 
a 
> 
> 


Input HIGH Current 


Vcc = MAX., VIN = 7.0V 


E 
a 
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Output Short Circuit Current 
(Note 3) 


< 
i?) 
i?) 
I 
Ss 
> 
x 
au 
oO 
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Power Supply Current 
(Note 4) 
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) 
OQ 
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Notes: 1. For conditions shown as MIN. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type. 
2. Typical limits are at Voc = 5.0V, 25°C ambient and maximum loading. 
3. Not more than one output should be shorted at atime. Duration of the short circuit test should not exceed one second. 
4. All outputs open, E = GND, all Di inputs = 4.5V. Apply momentary ground, then 4.5V to clock input. 


Am25LS ¢ Am54LS/74LS 
MAXIMUM RATINGS (Above which the useful life may be impaired) 


MAAIVIUINE RA LIINGS (Above Wii ee rr ooroaa—vaoxaXwXhoOooooooe 


UL Voitage APPpIled tO te eee eee 


DU VUTpUT LUTTE, CO ee 


Storage Temperature —65°C to +150°C 
Temperature (Ambient) Under Bias —55°C to +125°C 
Supply Voltage to Ground Potential Continuous —0.5V to +7.0V 
DC Voltage Applied to Outputs for High Output State —0.5V to +Vcc max. 
DC Input Voltage —0.5V to +7.0V 
DC Output Current, Into Outputs 30mA 
DC Input Current —30mA to +5.0mA 


DC Input Current 
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Am54LS/74LS377B 
ELECTRICAL CHARACTERISTICS 
The Following Conditions Apply Unless Otherwise Specified: 


COM‘’L Ta, =0°Cto+70°C Voc = 5.0V +5% MIN.=4.75V MAX. =5.25V 

MIL Ta =—58°Cto+125°C =9Vec =5.0V+10% MIN.=4.50V MAX. =5.50V 

DC CHARACTERISTICS OVER OPERATING RANGE Typ. 

Parameters Description Test Conditions (Note 1) Min. (Note 2) Max. Units 


Vec = MIN., lon = —-400uA 
VIN = VIH or Vit 


MIL 


27 


All, lop =4mA 


74LS only, lop =8mA 


Volts 


NO. 
ol 


Led 
on) 


VOH Output HIGH Voltage 


Output LOW Voltage 


Vec = MIN. 


Volts 
VIN = Vin or Vie 


Guaranteed input logical HIGH 
voltage for all inputs 


Guaranteed input logical LOW 
voltage for all inputs 


Vec = MIN., ljpxy = —18MA 


Volts 


MIL 
COM’'L 


Volts 


= 
“J 


ne 
3 


Volts 


Vec = MAX., VIN =0.4V 


Bi 


| 3 


Vcc = MAX., Vin = 2.7V 


— 


N 
c 
&r 


Input HIGH Current Vcc = MAX., Vin = 7.0V 


Isc Output Short Circuit Current Vec = MAX. 
(Note 3) 
Power Supply Current x 
1 = MAX. 
ce (Note 4) Vcc o 


Notes: 1. For conditions shown as MIN. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type. 
2. Typical limits are at Voc = 5.0V, 25°C ambient and maximum loading. 
3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 
4. All outputs open, E = GND, all Di inputs = 4.5V. Apply momentary ground, then 4.5V to clock input. 
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FUNCTION TABLE DEFINITION OF FUNCTIONAL TERMS 


INPUTS OUTPUTS ; — The D flip-flop data inputs. 


Q; Enable. When the enable is LOW, data on the D; inputs 
is transferred to the Q; outputs on the LOW-to-HIGH 


NE clock transition. When the enable is HIGH, the Qj; out- 

hi puts do not change regardless of the data or clock input 

Ne transitions. 

5 Clock Pulse for the register. Enters data on the LOW-to- 
HIGH transition. 


NC = No Change ; The TRUE register outputs. 
X = Don’t Care 


LOW-to-HIGH Transition 
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Am25LS/54LS/74LS377B 


SWITCHING CHARACTERISTICS 
(Ta = +25°C, Vcc = 5.0V) Am25LS Am54LS/74LS 


Parameters Description Test Conditions 


oa es 
ee ee ee ee 


or duty cycle. 


Am25LS ONLY 
SWITCHING CHARACTERISTICS 
OVER OPERATING RANGE* 


Am25LS COM’L Am25LS MIL 


Ta = 0°C to +70°C 
Vcc = 5.0V +5% 


Parameters Description Min. Max. Units Test Conditions 


fe ie ee 
Clock to Output ns 
(eae Eee ee ee” ee 


tpyw Clock Pulse Width ns 
1 i 
[ge ee ee 


mie en ee 
S 
ieee ed 


Ta = —55 °C to +125 C 
Vcc = 5.0V +10% 


* AC performance over the operating temperature range is guaranteed by testing defined in Group A, Subgroup 9. 


Am25LS @ Am54LS/74LS Metallization and Pad Layout 
LOW-POWER SCHOTTKY INPUT/OUTPUT 
CURRENT INTERFACE CONDITIONS 


DRIVING OUTPUT DRIVEN INPUT 


ald 
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Olli 


Note: Actual current flow direction shown. DIE SIZE 0.080” X 0.111” 
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Am25LS/54LS/74LS377B 


APPLICATION 


CLEAR 


OUTPUT ENABLE 


OE 


O@SzS1Ss7wy 


INPUT 
DATA BUS 


- N MO s+ WH 
Qa a a0 4 


oO 
a 


SELECT 


Am25LS139 


wi 
t 
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wi 


CLOCK 


Selective Register Loading of Data on Synchronous Clock. 
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Am25LS378 - Am25LS379 
Am54LS/74LS378 - Am54LS/74LS379 


Hex /Quad Register With Register Enable 


DISTINCTIVE CHARACTERISTICS FUNCTIONAL DESCRIPTION 


® Four-bit and six-bit high-speed parallel registers These four-bit and six-bit registers are built usiny advanced 
Low-Power Schottky processing. Each register features a 
buffered common clock as well as a buffered common register 
enable. These devices are second source versions of the popular 
Am25LS devices offer the following improvements over Am25LS07 and Am25LS08. 

Am54/74LS 

— Higher speed 

— 50mV lower VoL at lol = 8mMA 

— Twice the fan-out over military range 
— 440uA source current at HIGH output 


Common clock and common register enable 


e 
@ Positive edge-triggered D flip-flops 
e 


Both registers will find application in digital systems where 
the information is associated with a logic gatiny signal. They 
are ideally suited for a microprogrammed machine where a 
microprogram control bit provides the register enable signal. 
When the register enable is LOW, data on the D inputs is 
100% product assurance screening to MIL-STD-883 stored in the register on the LOW-to-HIGH transition of the 
requirements clock. When the enable input is HIGH, the register will not 
change state regardless of the clock or data input transitions. 


LOGIC DIAGRAMS 


Am25LS378 ¢ Am54LS/74LS378 
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Am25LS/54LS/74LS378/379 


LOGIC SYMBOLS CONNECTION DIAGRAMS 
Top Views 


LS378 — LS379 


D3 Dg 


1 3 
& | 
= — 


Q 


Vcc = Pin 16 
GND = Pins Note: Pin 1 is marked for orientation. 


Am25LS378 @ Am25LS379 


ELECTRICAL CHARACTERISTICS 
The Following Conditions Apply Unless Otherwise Specified: 


COM’L Ty =0°Cto+70°C Vec = 5.0V +5%  (MIN.=4.75V MAX. =5.25V) 

MIL Ta =—-55°C to+125°C = Veg = 5.0V 410% (MIN. =4.50V MAX. =5.50V) 

DC CHARACTERISTICS OVER OPERATING RANGE Typ. 

Parameters Description Test Conditions (Note 1) Min. (Note 2) Max. Units 


Vec = MIN., loy =—~440uA 
VIN = ViH or Vit 


Output HIGH Voltage Volts 


Vec = MIN. 
VIN = ViH or Vib 


Output LOW Voltage Volts 


0.45 


Oo 
aay 
oO 


Guaranteed input logical HIGH 
voltage for all inputs 


Input HIGH Level Volts 


Guaranteed input logical LOW 
voitage for all inputs 


Input LOW Level Volts 


ek 


Us 
>) 


Input Clamp Voltage Vcc = MIN., ling = —18MA 


N 
> 


Input LOW Current 
Input HIGH Current 


Vcc = MAX., Vin = 0.4V 


NO 
i=) 


Vcc = MAX., Vin = 2.7V 


‘= 
> 


pany 
Aes 


Input HIGH Current Vcc = MAX., Vin = 7.0V 


C 
3 
> 


Output Short Circuit Current 
(Note 3) 


Power Supply Current 
(Note 4) 


— | NM 
o]N 


| 
a 
| 
00 
oOo 
3 =: 
> b 


—.|/|— 
=| © 


Notes: 1. For conditions shown as MIN. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type. 
2. Typical limits are at Voc = 5.0V, 25°C ambient and maximum loading. 
3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 
4. Outputs open; enable grounded; data inputs at 4.5V, measured after a momentary ground, then 4.5V applied to the clock input. 


Am25LS ¢ Am54LS/74LS 
MAXIMUM RATINGS (Above which the useful life may be impaired) 


Storage Temperature —65°C to +150°C 
Temperature (Ambient) Under Bias | —55°C to +125°C 
Supply Voltage to Ground Potential Continuous —0.5V to +7.0V 
DC Voltage Applied to Outputs for High Output State —0.5V to +Vcc max. 
DC Input Voltage —0.5V to +7.0V 
DC Output Current, into Outputs 30mA 


DC Input Current —30mA to +5.0mA 
UMA tO $5.0MA 
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Am25LS/54LS/74LS378/379 
Am54LS/74LS378 @ Am54LS/74LS379 


ELECTRICAL CHARACTERISTICS 
The Following Conditions Apply Unless Otherwise Specified: 


COM’L Tp =0°Cto+70°C Voc = 5.0V +5%  (MIN.=4.75V MAX. = 5.25V) 

MIL Ta =—55°C to +128°C }=— Vee = 5.0V 10% (MIN. =4.50V MAX. = 5.50 V) 

DC CHARACTERISTICS OVER OPERATING RANGE Typ. 

Parameters Description Test Conditions (Note 1) Min. (Note 2) Max. Units 


25 
24 


3.4 
3.4 


Vec = MIN., loH = -400uA MIL 
Vin = Vin or VIL COM'L 


All, lop =4.0mA 


74LS only, lop =8mA 


Output HIGH Voltage Volts 


Vcc = MIN. 
VIN = Vin or Vit 


Output LOW Voltage Volts 


Oo 
on 


Guaranteed input logical HIGH 
voltage for all inputs 


Volts 


Input HIGH Level 


ad 
oo) 


o 
NI 


Volts 


Voc = MIN., lin = —18MA 5 Volts 


—_ 
. 


Vcc = MAX., VIN = 0.4V 


Vcc = MAX., Vin = 2.7V 


fe 
> 


N 
5 

‘= 

> 


Vcc = MAX., Vin = 7.0V 


Output Short Circuit Current 
(Note 3) 


—100 


o 5 
> > 


= 
n 
oo 
~s 
To) 
— 

F 
fp 
3 
> 


Power Supply Current 2 


< 
2) 
oO 
Hl 
s 
> 
x 
E 
” 
w 
S 
re) 


Notes: 1. For conditions shown as MIN. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type. 
2. Typical limits are at Vcc = 5.0V, 25°C ambient and maximum loading. 
3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed_one second. 
4.. 


Outputs open; enable grounded; data inputs at 4.5V, measured after a momentary ground, then 4.5Vapplied to a clock input. 


DEFINITION OF FUNCTIONAL TERMS Am25LS e Am54LS/74LS 
D; The D flip-flop data inputs. LOW-POWER SCHOTTKY INPUT/OUTPUT 


E Enable. When the enable is LOW, data on the Dj inputs is CURRENT INTERFACE CONDITIONS 
transferred to the Q; outputs on the LOW-to-HIGH clock 

transition. When the enable is HIGH, the Q; outputs do not 

change regardless of the data or clock input transitions. 

CP Clock Pulse for the register. Enters data on the LOW-to- 

HIGH transition. 


DRIVING OUTPUT DRIVEN INPUT 


Q; The TRUE register outputs. 
Q; The complement register outputs 


FUNCTION TABLE 


NC = No Change 
xX = Don't Care 
t+ = LOW-to-HIGH Transition 
Qj on LS379 Only Note: Actual current flow direction shown. 
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Am25LS/54LS/74LS378/379 


SWITCHING CHARACTERISTICS 
(TA = +25°C, Vcc =5.0V) Am25LS Am54LS/74LS 


Parameters Description Min. Typ. Max Min Typ. Max. 


an a Ss 
la a a oe eee 


Ttew | CockPusewiah —SSSS*d 
Pe Be ee 
Pn [owe SSSsts~—<“CS~S~s~s BSP Cd 
Tis | Glock Embed 8 
[in| Clock Enebie Sd 8 8 


Note 1. Per industry convention, tma x is the worst case value of the maximum device operating frequency with no constraints on t,, tf, pulse width or duty cycle. 


Units Test Conditions 


SWITCHING CHARACTERISTICS 


OVER OPERATING RANGE* Ta =0 °C to +70°C Ta = —55°C to +125°C 
Vcc = 5.0V +5% Vcc = 5.0V 10% 


Parameters Description in. ; in. . Test Conditions 


3 
1 


3 
1 
30 


*AC performance over the operating temperature range is guaranteed by testing defined in Group A, Subgroup 9. 


Metallization and Pad Layout 


“) 


ay 


c 
Bs 


DIE SIZE 0.075" X 0.084" DIE SIZE 0.061” X 0.075" 
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Package 
Type 
Motded DIP 
Hermetic DIP 


Temperature 
Range 


O°C to +70°C 
0°C to +70°C 


ORDERING INFORMATION 


Am25LS378 
Order 
Number 


AM25LS378PC 
AM25LS378DC 


Am25LS379 
Order 
Number 


AM25LS379PC 
AM25LS379DC 


Am25LS/54LS/74LS378/379 


Am54LS/ 
74LS378 
Order 
Number 


SN74LS378N 


SN74LS378J 
SN74LS378X 


Am54LS/ 
74LS379 
Order 
Number 


SN74LS379N 


SN74LS379J 
SN74LS379X 


AM25LS378XC 
AM25LS378DM 
AM25LS378FM 
AM25LS378XM 


AM25LS379XC 
AM25LS379DM 
AM25LS379FM 
AM25LS379XM 


0°C to +70°C 
-55°C to +125°C 
-55°C to +125°C 
—-55°C to +125°C 


Dice 
Hermetic DIP 
Hermetic Flat Pak 
Dice 


SN54LS379J 
SN54LS379W 
SN54L8379X 


SN54LS378J 
SN54LS378W 
SN54LS8378X 


APPLICATION 
hee ae 
i eters oe 
DATA BUS = i aes WORD 1 
ee et ee eee 
en ele See ee ee 


WORD 2 


Am25LS378 


SELECT 


Am25LS8139 


ENABLE O 


WORD 3 


Am25L$378 


WORD 4 


Am25LS378 


CLOCK 


Selective Register Loading of Data on Synchronous Clock. 
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Am25LS381:Am54LS/74LS381 
Am25LS2517 


Arithmetic Logic Unit/Function Generator 


DISTINCTIVE CHARACTERISTICS FUNCTIONAL DESCRIPTION 


The Am25LS381 and Am54LS/74LS381 are arithmetic logic 
units (ALU)/function generators that perform three arithmetic 
operations and three logic operations on two 4-bit words. The 
device can also output forced 0000 (clear) or 1111 (preset). 
These eight operations are selected using three function select 
inputs Sg, S1 and S9 as shown in the function table. Full 
carry look ahead is used over the four-bit field within the 
device. When devices are cascaded, multi-level full carry look- 
ahead is implemented using a ‘182 carry look ahead generator 
and the G and P outputs on the Am25LS381 or Am54LS/ 
74LS381. The device is packaged in a space-saving (0.3-inch 
row spacing) 20-pin package. If the Ch+q4 carry output func- 
tion is required, the Am25LS2517 should be used. 


The Am25LS381 is a_ high-performance version of the 
Am54LS/74LS381. Improvements include faster a. c. specifi- 
cations, higher noise margin and twice the fan-out over the 
military temperature range. 


The Am25LS2517 is an arithmetic logic unit (ALU)/function 
generator that performs three arithmetic operations and 
three logic operations on two 4-bit words. The device can 
also force output 0000 (clear) or 1111 (preset). These eight 
Operations are selected using three function select inputs So, 
S; and S» as shown in the function table. Full carry look- 
ahead is used over the four-bit field within the device. When 
devices are cascaded, the carry output (C44) is connected to 
the carry input (C,,) of the next device. The Am25LS2517 
can also detect two’s complement overflow. The overflow 
output (OVR) is defined logically as C,43 ® C44. 


@® Three arithmetic functions 
@ Three logic functions 

® Preset and clear functions 
e 

e 


Space-saving 20-pin package 
Carry output (C,44) and overflow (OVR) outputs on 
Am25LS2517 

@ Generate and propagate outputs for full lookahead carry 
on Am25LS381 

@ Am25LS devices offer the following improvements over 
Am54/74LS 
— Higher speed 
— 50mV lower VoL at loL = 8mA 
— Twice the fan-out over military range 
— 440uA source current at HIGH output 

@ 100% product assurance testing to MIL-STD-883 
requirements 


LOGIC DIAGRAM 


LOGIC SYMBOLS 


Am25LS2517 Am25LS381 
Am54LS/74LS381 


19 18 17 16 3° ¢4 1 2 #19 18 17 16 


1 2 


n 50 Bo Ay By A2 Bo A3 B3 


Ch+4 


Vcc = Pin 20 
GND = Pin 10 


CONNECTION DIAGRAMS 
Top Views 


Am25LS$2517 Am25LS381 
Am54LS/74LS381 


Vec A2 Bg Ag By Cy P G Fa Fo 


: Cn+4 ; 
14 '2517 
ONLY 


OVR Vec A2 Bo A3 B3 Cy Cn+qgOVRF3 Fo 


Note: The Advanced Micro Devices’ LS$381 products were designed 
Prior to publication of data sheets by T.!. Review specifications for 
possible differences. Am25LS2517 has been second sourced as the 
54/74LS382. 


S; Sg Fo F, GND A, By Ag Bg Sg 8; Sa Fg Fy GND 


Note: Pin 1 is marked for orientation. 
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Am25LS/54LS/74LS381 ¢ Am25LS2517 


Am25LS381¢eAm25LS2517 
ELECTRICAL CHARACTERISTICS 
The Following Conditions Apply Unless Otherwise Specified: 


COM’L Tp, =O0°Cto+70°C Vec = 5.0V +5% MIN. =4.75V MAX. =5.25V 

MIL Ta = 55°C to +125°C = Vee = 5.0V 410% MIN. =4.50V MAX. = 5.50V 

DC CHARACTERISTICS OVER OPERATING RANGE Typ. : 

Parameters Description Test Conditions (Note 1) Min. (Note 2) Max. Units 


Output HIGH Voltage CC: OH Mt 
Vin = Vin or Vie COM'L ae 


Vcc = MIN. lo, =4.0mA 
Vin = Vin or VIL lorem 
G, lop = 16mA 


Guaranteed input logical HIGH 
voltage for al! inputs 


E 
oi 
S 
ot 
(77) 


2. 


ee es 


Guaranteed input logical LOW 
voltage for all inputs 


COM'L 


Input LOW Current 


Input HIGH Current 
‘LS381, Cy 


‘LS2517, Cy 
Any S$ 
Any A orB 


ae 
4” S381, Cp, ae 
as 


‘LS2517, Cy 


Input HIGH Current 


do 

a 
E 

> 


Am25LS8381 


Am25LS381 
COM'L 
Am25LS2517 


Notes: 1. For conditions shown as MIN. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type. 
2. Typical limits are at Vcc = 5.0V, 25°C ambient and maximum loading. 
3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 
4. Test conditions: LS381: Sg =S4=Sg= GND, al! other inputs open. 
LS2517: Sg = Cy = open, ail other inputs = GND. 


= 

- 
| 
o1 


Power Supply Current 
(Note 4) 


NO 
NSN 
pS 
~ 


Am25LS ¢ Am54LS/74LS 
MAXIMUM RATINGS (Above which the useful life may be impaired) 


Storage Temperature —65°C to +150°C 
Temperature (Ambient) Under Bias —55°C to +125°C 
Supply Voltage to Ground Potential Continuous —0.5V to +7.0V 
DC Voltage Applied to Outputs for High Output State —0.5V to+Vcc max. 
DC Input Voltage (Except Am25LS2517, Cp input = 5.5V) —0.5V to +7.0V 
DC Output Current, Into Outputs 30mMA 


DC Input Current —30mA to +5.0mA 
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Am25LS/54LS/74LS381 e Am25LS2517 


Am54LS/74LS381 
ELECTRICAL CHARACTERISTICS 
The Following Conditions Apply Unless Otherwise Specified: 


COM’L Ta, =0°Cto+70°C Voc = 5.0V +5%  MIN.=4.75V MAX. =5.25V 

MIL Ta = —55°C to +125°C = Vee = 5.0V +10% MIN. =4.50V MAX. =5.50V 

DC CHARACTERISTICS OVER OPERATING RANGE Typ. 

Parameters Description Test Conditions (Note 1) Min. (Note 2) Max. Units 


= 
on 


Voc = MIN., lo = —400uA MIL 3.4 

Vou Output HIGH Voltage . Volts 
Vin = Vin or Vib COM'L 3.4 

74LS only, lop =8mA Pet 


Guaranteed input logical HIGH 
voltage for all inputs 


Vcc = MIN. 
VIN = Vin or Vie 


Output LOW Voltage 


ViH Input HIGH Level 
Vit Input LOW Level 


Volts 


Volts 


2.0 


Guaranteed input logical LOW 


voltage for all inputs Volts 


= 
~ 
jo) 
N 


Volts 


Any S 
Others 
Any S 
Others 
Any S 
Others 


io) 


LA 


Ba 
> 


Isc Output Short Circuit Current Vcc = MAX. 
(Note 3) 


icc Power Supply Current 
(Note 4) 


Notes: 1. For conditions shown as MIN. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type. 
2. Typical limits are at Veco = 5.0V, 25°C ambient and maximum loading. 
3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 
4. Test conditions: LS381: Sg = S4 = Sg = GND, all other inputs open. 
LS2517: Sg = Cy, = open, all other inputs = GND. 
5. Limits chosen by AMD based on SN54S/74S381, T.1. LS data unavailable. 


ape 
> > 


| 
o 

N 
a 
ee 

w 

3 

> 


DEFINITION OF FUNCTIONAL TERMS FUNCTION TABLE 


Ag, Aq, Az, A3 The A data inputs. 

Bo, By, B9,B3 The B data inputs. 

Sg, $4, $9, $3 The control inputs used to determine the 
arithmetic or logic function performed. 

Fo, Fy, F5,F3 The data outputs of the ALU. 

C, The carry-in input of the ALU. 

Ch+4 The carry-look-ahead output of the four-bit 
input field. 

G The carry-generate output for use in multi- 
level look-ahead schemes. 


=i 


Arithmetic/Logic 
Operation 


Clear 

B Minus A 
A Minus B 
A Plus B 
Ae@B 
A+B 

AB 


Preset 


The carry-propagate output for use in multi- 
level look-ahead schemes. 


Overflow. This pin is logically the Exclusive- 
OR of the carry-in and carry-out of the MSB 
of the ALU. At the most significant end of 
the word, this pin indicates that the result H = High Level, L = Low Level 

of an arithmetic two’s complement operation See Truth Table for full description. 
has overflowed into the sign-bit. 


L 
L 
H 
H 
L 
L 
H 
H 


L 
& 
L 
Es 
H 
H 
H 
H 
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Am25LS/54LS/74LS381 ¢ Am25LS2517 


SWITCHING CHARACTERISTICS 
(Ta = +25°C, Vcc = 5.0V) 


Am25LS Am54LS/74LS 


Description Test Conditions 


cate ee 


tPLH 
tPHL 


$j to F; ns 
tpHL (‘LS381 Only) 


_tPLH A; or B; to P 
tPHL ("LS381 Only) 


ee: 
aS 

tPHL ('LS2517 Only) aed | 36 | a 
Pil 
ee 


"0 
ro) 
= 
| 
3] 
ro 
© 
™ 
”n 


Aj or Bj to Fj 


No 
: 
i€) 
Oo 
ie) 
oO 
¢ 
wn” 


—_ — 

on Oo 

N N 

1°) N 
Ww | & 
©} oO 
eB 

77) 


tPLH Aj or Bj to Ca+4 


tPLH S$; to OVR or Cyh+4 
tpHL (‘LS2517 Only) 


39 
‘PL Goce aaa ae a 
ee ea 
oo 


tpHL (‘LS2517 Only) 


tPLH C, to OVR 
tPHL (‘LS2517 Only) 


wd | od | ad 
on] O1/; 
NO) N 
NO} NM 


Am25LS ONLY 
SWITCHING CHARACTERISTICS 
OVER OPERATING RANGE* 


Am25LS COM’L Am25LS MIL 


Ta =0°C to +70°C 
Vcc = 5.0V +5% 


Min. Max. 


Ta = —55°C to +125 C 
Vcc = 5.0V +10% 
Min. Max. 


Parameters Description Test Conditions 


t 
cee Cp to F; 
tPHL 


NO 

~S 
th 

© 


42 


o 


eee eee 
re area ar amen Oe 
(usest ony) = [ae 
510 S or F ee ee 
fusserony) [a 
fiszetrony) [ar 
(isestrone [as 
(usastr ony [ee 8 
fLsgetrOnyy [ae 
‘Lsast7onw) Da 


*AC performance over the operating temperature range is guaranteed by testing defined in Group A, Subgroup 9. 
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Am25LS/54LS/74LS381 e Am25LS2517 


Am25LS/54LS/74LS381 
TEST TABLE 


All A’s & B’s 
All A’s & B's 
All B’s 
All B’s 
All A’s & B’s 
All B‘s 


Other Data Bits 
GND 


Output 
Waveform 
out-of-phase 
_ in-phase 
out-of-phase 
out-of-phase 
out-of-phase 


out-of-phase 


out-of-phase 
in-phase 
out-of-phase 
in-phase 
A's & B's 
A's & B's 
All B’s All A‘s 
A‘'s & B's — 
All B’s All A’s 
All A’s All B’s 
A's & B’s — 
All A’s All B’s 
All A’s All B’s 
A's & B’s — 
All A's All B's 


out-of-phase 


”~" Oo 0 0000 = «KM = - — mm 


out-of-phase 
in-phase 
out-of-phase 
out-of-phase 
in-phase 
out-of-phase 
out-of-phase 
in-phase 


in-phase 


X 
Xx 
X 
x 
0 
1 
0 
1 
1 
1 
1 
x 
xX 
1 
Xx 
Xx 
1 
Xx 
Xx 


out-of-phase 


X = Don’t care 


TRUTH TABLE 


INPUTS OUTPUTS 


FUNCTION 


| 


~m POOF] 00/272 ]00)/] - C0 0Ola mr OOS nO oO -mw roof KS OOj;-F- HH OOA A OO] x 


B MINUS A 


A MINUS B 


+ 


APLUS B 


i ae 


PRESET 


oer el Re AS elite ees eS aS ee el a ei ea ats nee ee cdl oe 
AHS Oo Sola au Clon Sola coe a ola Sloe aos eoule wages cule 
A PBFA OOOlAHBAHO/ORAAOlADDOBA Ba TDlOA DORA BA Om OOM OHO mmo 
BAP FRRB OOOH FHHOORFHO2ADDOsaam OlOBdDOsm Hw OHKJlOO MOKA oO KU Klo 
RAAF RBLRODCO A BRB OlLOHA ad H-DAOOmM BHA DlLOBMDOMAK Om) O Om O HN oO A Klo 
FWP BAP OFSOjpA Be BOpOmsodlomw wn ons an osnannoan afin o ana n6 41 

OAR FAFAOOHAOIOBAHA DO DCO HD CDGO-FDOOBM/DOO MADD OM DlOoOaoO oO OFb Oo 


MK KKK KOK KK KX KI KKK KI RB UDC OO |- P32 2 CDT OA Aan DCCOC.SO 
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Am25LS/54LS/74LS381 ¢ Am25LS2517 


Am25LS82517 
TEST TABLE 


— — A's & B's None out-of-phase 
— j ; A’s & B's None in-phase 


1 

1 

0 
0 
0 
0 
0 
0 
0 
0 
0 
1 


= = OO ~~ =| = = | = = = —- CO OO 
=a.-orfrrfrodoe0eceoer-ero0ortrt OOo 90 CO 


None 
None 
A's & B's 
A's & B’s 
None 
A’‘s & B's 
A‘s & B's 
A's & B’s 
A's & B’s 
All B’s 
A's & B's 
None 
All A’s 
None 
None 
All A’s 
None 


None 


A's & B’s 
A's & B’s 
None 
None 
A's & B’s 
A’s & B's 
None 
None 
None 
None 
All A‘s 
None 
A's & B's 
All B’s 
A's & B’s 
A’s & B's 
All B’s 
A’s & B's 
A’s & B’s 


out-of-phase 
in-phase 
in-phase 
in-phase 
out-of-phase 
in-phase 
out-of-phase 
out-of-phase 
out-of-phase 
out-of-phase 
in-phase 
out-of-phase 
out-of-phase 
in-phase 
in-phase 
in-phase 
in-phase 


in-phase 


in-phase 


X = Don’t care 


INPUTS OUTPUTS 


FUNCTION So Si S82 Cy | An Bn | Fo Fy Fo Fg | OVR| Cary 
x x 0 0 0 0 7 1 
0 0 0 1 1 1 1 0 0 
0 0 1 0 1 1 1 0 1 
0 1 0 0 0 ) 0 ) 0 
B MINUS A 1 0 0 0 1 1 1 1 1 1 0 0 
1 0 0 0 0 ) 0 0 1 
1 0 1 1 1 1 1 0 1 
1 1 0 1 0 0 0 0 0 
1 1 1 0 0 0 0 0 ae 
0 0 0 4 1 1 1 0 0 
0 0 1 0 0 0 0 0 0 
0 1 0 0 1 1 1 0 i 
A MINUS B 0 1 0 0 1 1 1 1 1 1 0 0 
1 0 0 0 0 0 0 0! 1 
1 0 1 1 0 0 0 0 0 
1 1 10) 1 1 1 1 0 1 
1 1 1 0 0 0 0 ae 
0 0 0 0 0 0 o | Oo 0 
0 0 1 1 1 1 1 0 0 
0 1 0 1 1 1 1 0 0 
APLUS B 1 1 0 0 1 1 0 1 1 1 0 1 
1 0 0 1 0 0 0 0 0 
1 0 1 0 0 0 0 0 1 
1 1 0 0 0 0 0 0 1 
be 1 4 1 1 1 1 1 0 1 
0 0 0 0 0 0 0 0 0 
0 0 1 1 1 1 1 0 0 
10] 1 0 1 1 1 1 0 0 
0 1 1 0 0 i¢) 0 1 1 
© OE oN tS 1 0 of]o0 0 oo 0 0 0 
1 0 1 1 1 1 1 0 0 
1 1 0 1 1 1 1 1 1 
1 1 1 0 ) 0 0 1 1 
i 0 0 0 0 0 0 0 0 |. 0 
i?) 0 1 1 1 1 1 0 0 
0 1 0 1 1 1 1 0 0 
0 1 1 1 1 1 1 0 ie) 
la L 9 L 1 0 of 0 0 oOo oO 0 0 
1 0 1 1 1 1 1 0 0 
1 1 0 1 1 1 1 0 0 
1 1 1 1 1 1 La 1 1 _| 
i 0 0 0 0 0 0 0 1 1 
0 0 1 0 0 0 0 0 0 
0 1 0 0 0 0 0 1 1 
0 1 1 1 1 1 1 0 0 
ne 0 ; L 1 0 0 0 ) 0 0 1 1 
1 0 1 0 0 0 0 0 0 
1 1 0 0 0 0 0 1 1 
1 1 1 1 1 1 1 1 1 
0 0 0 1 1 1 7/0! 0 
0 0 1 1 1 1 1 0 0 
0 1 0 1 1 1 1 0 0 
0 1 1 1 1 1 1 0 0 
PRESET 1 1 1 ; : ; ; ; : . 
1 0 1 1 1 1 1 0 0 
1 1 0 “Ih 1 1 1 90 0 
1 1 1 1 1 1 1 1 1 
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Am25LS/54LS/74LS381 e Am25LS2517 


Am25LS @ Am54LS/74LS Metallization and Pad Layout 
LOW-POWER SCHOTTKY INPUT/OUTPUT 
CURRENT INTERFACE CONDITIONS 


DRIVING OUTPUT DRIVEN INPUT 


Note: Actual current flow direction shown. DIE SIZE 0.091" X 0.108" 


USER NOTES 


1. Throughout this data sheet, the active HIGH input and out- 4. Arithmetic in 1’s complement notation requires an end 
put terminology has been used. around carry. 

2. Arithmetic operations are performed on a word basis. 5. Subtraction in 2’s complement notation requires a carry in 

3. Logic operations are performed on a bit basis. (C,, = HIGH) for the active HIGH case. 
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Am25LS/54LS/74LS381 e Am25LS2517 


APPLICATIONS 


Ag Ay Ag Ag. Bo. By 82 Bg Ag Ag Ag Az 84 Bg Bg B7 Ag AgAi0411 8g 89810814 A12A13414415 812813814 B15 


CARRY IN Ag Ay A2 A3 Bo 8; Bo B3 Ag Ay A2 AZ Bo B1 Bo B3 Ag Ay A2 Ag Bo By Bo B3 Ao Ay Ao A3 Bo By Bo Bg Court 
Cn+4 Cn+4 Cn+4 Cn Ca+4 
Am25LS2517 Am251S2517 Am25LS2517 So Am25LS2517 
= ove LOVERFLOW 
F F F S20 Fg FyOFg)—Ss*#F 
So | tL | L-— eee 
Sy as ae (ee ee a ee eee Gee a ee ee ee eee ee 
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Aj or Bj to Cn+4 
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16-Bit Speed 69 ns 
The Am25LS2517 in a 16-Bit Ripple Carry ALU Connection. 
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Am2902 


TYPICAL SPEED CALCULATIONS 


A; or B; to G or P 
Gj or P; to Cit; 
(Am 2902) 

Cy to F 

Cp to Cn+4, OVR 
16-Bit Speed 44 ns 43 ns 


* Note that S; to G or P may be longer path. 


The Am25LS2517 and Am25LS381 in a 16-Bit Carry Lookahead ALU Connection. 
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UNDERSTANDING 
THE Am25LS2517 AND THE Am25LS381 


By John R. Mick 


INTRODUCTION 


The heart of most digital arighmetic processors is the arithme- 
tic logic unit (ALU). The ALU can be thought of as a digital 
subsystem that performs various arithmetic and logic oper- 
ations on two digital input variables. The Am25LS2517 and 
the Am25LS381 are Schottky TTL arithmetic logic units/ 
function generators that perform eight arithmetic/logic opera- 
tions on two four-bit input variables. In most ALU’s, speed is 
generally a key ingredient. Therefore, as much parallelism in 
the operation of the arithmetic logic unit as possible is desired. 


The Am25LS8381 ALU is designed to operate with a ‘182 carry 
lookahead generator to perform multi-level full carry lookahead 
over any number of bits. Therefore, the Am25LS381 has both 
the carry generate and carry propagate outputs required by the 
‘182 carry lookahead generator. The Am25LS2517, on the 
other hand, does not have the carry generate and carry propa- 
gate functions, but rather has the carry output (Cy+q4) and a 
two's complement overflow detection signal (OVR) available 
at the output. The net result is that a very high-speed 16-bit 
arithmetic logic unit/function generator can be designed and 
assembled using three Am25LS381's, one Am25LS2517, and 
one Am2902 (the Am2902 is a high-speed version of the ‘182 
carry lookahead generator). 


UNDERSTANDING THE FULL ADDER 


The results of an arithmetic operation in any position in a 
word depends not only on the two-input operand bits at that 
position, but also on all the lesser significant operand bits of 
the two input variables. The final result for any bit, therefore, 
is not available until the carries of all the previous bits have 
rippled through the logic array starting from the least signifi- 
cant bit and propagating through to the most significant bit. A 
full adder is a device that accepts two individual operand bits 
at the same binary weight, and also accepts a carry input bit 
from the next lesser significant weight full adder. The full 
adder then produces the sum bit for this bit position and also 
produces a carry bit to be used in the next more significant 
weight full adder carry input. The truth table for a full adder is 


CIN 


shown in Figure 1. From this truth table, the equations for the 
full adder: 
S=A®BeEC 
Co = AB +BC+AC, 
where A and B are the input operands to the full adder and 
C is the carry input into the adder.. 


The sum output, S, represents the sum of the A and B operand 
inputs and the carry input. The carry output, Co, represents 
the carry out of this cell and can be used in the next more sig- 
nificant cell of the adder. Full adder cells can be cascaded as 
depicted in Figure 2 to form a four-bit ripple carry parallel 
adder. 


Outputs 
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Figure 1. Full Adder Truth Table. 


Note that once we have cascaded devices as shown in Figure 2, 
we may wish to discuss the equations for the i-th bit of the 
adder. In so doing, we might describe the equations of the full 
adder as follows: 
Sj = Aj © Bj ® Cj 
Ci+1 = AjBj + BjCj + AjC; 
where the Aj and Bj are the input operands at the i-th bit, 
and the Cj is the carry input to the i-th bit. (Note that the 
equations for this adder are iterative in nature and each 
depends on the result of the previous lesser significant bits 
of the adder array.) 


Yo X2 Y3 X3 


So $1 


S2 $3 Cout 


Figure 2. Cascaded Full Adder Cells Connected as a Four-Bit Ripple-Carry Full Adder. 
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The connection scheme shown in Figure 2 requires a ripple 
propagation time through each full adder cell. If a 16-bit adder 
is to be assembled, the carry will have to propagate through all 
16 full adder cells. What is desired is some technique for antici- 
pating the carry such that we will not have to wait for a ripple 
carry to progagate through the entire network. By using some 
additional logic, such an adder array can be constructed. This 
type of adder is usually called a carry lookahead adder. 


A FOUR-BIT CARRY LOOKAHEAD ADDER 


Looking back to the equations developed for i-th bit of an 
adder, let us now rewrite the carry equation in a slightly dif- 
ferent form. When we factor the Cj; in this equation, the new 
equation becomes: 

Cj+1 = AjBj + Cj (Aj + Bj) 
From the above equation, let us now define two additional 
equations. These are: 

Gj = AjB; 

P; = Aj + Bj 
With these two new auxiliary equations, we can now rewrite 
the carry equation for the i-th bit as follows: 

Ci+4 = Gj + PIC; 
Note that we have now developed two terms: the Pj; term is 
known as carry propagate and the Gj term is known as carry 
generate. An anticipated carry can be generated at any stage of 
the adder by implementing the above equations and using the 
auxiliary functions P; and Gj; as required. 


It is interesting to note that the sum equation can also be 
written in terms of these two auxiliary equations, Pj and Gj. 
For this case, the equation is: 

Sj = (Aj + Bj) (AjBj) ® C; 
The auxiliary function G; is called carry generate, because if it 
is true, then a carry is immediately produced for the next adder 
stage. The function Pj; is called carry propagate because it 
implies there will be a carry into the next stage of the adder if 
there is acarry into this stage of the adder. That is, Gj causes a 
carry signal at the i-th stage of the adder to be generated and 
presented to the next stage of the adder while Pj causes an 
existing carry at the input to the i-th stage of the adder to 
propagate to the next stage of the adder. 


Let us now write all of the sum and carry equations required 
for a full four-bit lookahead carry adder. 


SO = Ag ® Bo ® Co 

S71 = A1® By ® [Gg + PgCog! 

So = Az ® Ba ® [Gq + P1Gq + PyPQCo! 

S3 = A3 ® Ba © [G2 + P2Gq + P2aP4Go + P2aP1PQCo! 
Cj+4 = G3 + P3G2 + P3P2G1 + P3P2P1GQ + P3P2P1PQ9Co 


An important point to note is that all of the sum equations and 
the final carry output equation, Cj+4, can be written in terms 
of the Aj, Bj, and Cg inputs to the four-bit adder. The confi- 
guration as described above is shown in Figure 3. This figure is 
divided into two parts — the upper blocks show the auxiliary 
function generator circuitry required to implement the Pj and 
G; equations while the lower block implements the logic re- 
quired to generate the sum output at each bit position. 


A serious drawback to the lookahead carry adder is that as the 
word length is increased, the carry functions become more and 
more complex, eventually becoming impractical due to the 
large number of interconnections and heavy loading of the Gj 
and P; functions. The auxiliary function concept can be ex- 
tended, however, by dividing the word length into fairly small 
increments and defining blocks of auxiliary functions G and P. 
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Figure 3. Full Four-Bit Carry-Lookahead Adder. 


it is possible for a given block, to define a function G as the 
carry out generated with the block; and P can be defined as 
the carry propagate over the block. If the block size is set at 
four bits, then the functions for G and P for this block can be 
defined as follows: 


G = G3 + P3G2 + P3P2G1 + P3P2P1Go 
P = P3P9P4Po 


It is important to note that neither of these terms involves a 
carry-in (Cg) to the block, so no matter how many blocks are 
tied in an adder, all the blocks have stable G and P functions 
available in a minimum number of gate delays. 


The G and P functions can be gated to produce a carry-in to 
each four-bit block, as a function of the lesser significant 
blocks. The carry-in to a block in is therefore: 


Ch = Gp—1 + Pr—1Gpn—2 + Pn—1Pn—2Gn—3 +... 
+ Pyh_4Ph—2Pn—3 . . - P2P1P0Co 


Finally, the carry-in to each of the bits in a four-bit block must 
include a term for the actual least significant carry-in; note, 
therefore, that the equations for the four-bit full adder pre- 
sented above include a term for carry-in at each bit position. 
Figure 4 shows the logic diagram for the Am25LS381 arith- 
metic logic unit/function generator while Figure 5 shows the 
logic diagram for the Am25LS2517 arithmetic logic unit/ 
function generator. Note the generate and propagate outputs 
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Figure 4. Logic Diagram of The Am25LS381. Figure 5. Logic Diagram of the Am25LS2517. 


on the Am25LS381, and the carry output and overflow output 
on the Am25LS2517. Figure 6 gives the function table for both 
the Am25LS2517 and Am25LS381. Figure 7 shows the tech- 
nique for cascading three Am25LS381's, one Am25LS2517, 
and one Am2902 in a full 16-bit high-speed carry lookahead 
connection. Figure 8 shows a connection scheme using only 
four Am25LS2517’s in a 16-bit arithmetic logic unit con- 
nection where the carries are rippled between the devices. 
Each Am25LS2517 does use internal carry lookahead over the 
four-bit block. 


Arithmetic/Logic 
Operation 


Clear 
B Minus A 
A Minus B 
A Plus B 

A®B 
A+B 
AB 

Preset 


In summary, the ripple carry method can be used in conjunction 
with the lookahead technique in several ways. 


cereeser|e 
seorerecle 


ceeneceele 


1. Lookahead carry over sections of the adder and ripple H = High Level, L = Low Level 
carry between these sections of the adder can be used. This Figure 6. Function Table for the Am25LS2517 
method is often the most efficient in terms of hardware for and Am25LS381. 
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Figure 7. Full Lookahead Carry 16-Bit Adder. 
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Figure 8. Connection of 16-Bit ALU Using Ripple Carry. 


a given speed requirement. It does not require the use of a 
lookahead carry generator such as the Am2902. 


2. Lookahead carry across 16-bit blocks with a ripple carry 
between 16-bit blocks can be used. This technique is 
usually called two-level carry lookahead addition. This tech- 
nique results in very high-speed arithmetic function gener- 
ation and makes a reasonable tradeoff between the speed 
and hardware for word lengths greater than 16 bits. 


3. Full lookahead carry across all levels and all block sizes can 
be used. This is the highest speed arithmetic logic unit con- 
nection scheme. For word sizes up to 64 bits, it is referred 
to as three-level lookahead carry addition. Such a 64-bit 
ALU requires the use of five Am2902 carry lookahead gen- 
erator units in addition to the 15 Am25LS381 devices and 
one Am25LS2517 as shown in Figure 9. 


OVERFLOW 


When two's complement numbers are added or subtracted, the 
result must lie within the range of the numbers that can be 
handled by the operand word length. Numbers are normally 
represented either as fractions with a binary point between the 
sign bit and the rest of the word, or as integers where the binary 


Am25LS381's 


G1 Py G2 P2 
Am2902 


Coty Chtz 


Tol, ToC ToC ToC Toc ToC 
8 12 20 24 28 


point is after the least significant bit. The actual choice for the 
location of the binary point is really up to the design engineer, 
as the hardware configuration required for either technique is 
identical. It is also possible to use number notations that in- 
clude both integer and fractional representations in the same 
numbering scheme. Overflow is defined as the situation where 
the result of an arithmetic operation lies outside of the num- 
ber range that can be represented by the number of bits in the 
word. For example, if two eight-bit numbers are added and the 
result does not lie within the number range that can be re- 
presented by an eight-bit word, we say that an overflow has 
occured. This can happen at either the positive end of the 
number range or at the negative end of the number range. The 
logic function that indicates that the result of an operation is 
outside of the representable number range is: 


OVR = Cy ® Co+] 
where Cg is the carry-in to the sign bit and C,+4 is the 
carry-out of the sign bit. 


Thus, for a four-bit ALU with the sign bit in the most signifi- 
cant bit position, the overflow can be defined as the Cy+4 
term exclusive OR’ed with the Cp+3 term. 


Am25LS2517 
nett, 


CARRY-OUT 
OVERFLOW 


G2 P2 G3 P3 
Am2902 Am2902 


G 
Chty Ch+y Ch+z 


ToC3g ToCag ToCs2 ToCsg ToCgo 


Figure 9. 64-Bit ALU with Full Carry Lookahead Using 5 Am2902’s, 15 Am25LS381's and 1 Am25LS82517. 
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SPEED OR DELAY 


Usually, the most important parameter in the design of any 
arithmetic logic unit is speed. How fast can two numbers be 
added? Is ripple carry sufficient or should carry lookahead 
over the entire adder array be used? In order to answer these 
questions, the design engineer must first evaluate the speed of 
the ALU required in his system. Then he can evaluate the var- 
ious alternatives based on the number of bits in the word 
being used in the design. 


The calculation of the speed (add or subtract time) of a 16-bit 
adder is straightforward and will be discussed in detail. It 
should be mentioned that the speed of the adder while in the 
logic mode is simply the propagation delay from the Aj or 
Bj; inputs to the Fj; outputs (35ns maximum at 25°C and 5V 
for the Am25LS2517). 


LOOKAHEAD CARRY 


The typical method for building 16-bit ALU'’s is to employ a 
carry lookahead generator such as the Am2902. Such a 16-bit 
design would incorporate three Am25LS381's, one Am25LS 
2517, and one Am2902. For the 16-bit full carry lookahead 
adder in the add or subtract mode as shown in Figure 7, the 
maximum propagation delay for data-in to data-out is cal- 
culated as follows: 


DATA PATH DELAY 
16-BIT LOOKAHEAD ADDER/SUBTRACTOR 
(+5V and 25°C Maximum Delays) 


Aj or Bj to G or P 
Gj or P; to C4; (Am2902) 
Cy to F; 

Cr to Ca44 or OVR 


TOTAL 
16-bit delay 


The data path for this computation begins at the least signifi- 
cant 4-bit device, propagates through the Am2902, and then 
ends at the most significant 4-bit device. Actually, the delay 
to the outputs of the most significant device (MSD), then 
second MSD, or third MSD is identical. 


Thus, the above speed is identical if a 12-bit ALU is fabricated. 
This results because the same types of combinatorial propaga- 
tion delays are involved. 

We should also investigate the delay of this adder with regard 
to the select inputs as shown in Figure 7. Again, we may cal- 
culate the 16-bit full carry lookahead add/subtract delay as 
follows: 


16-BIT LOOKAHEAD ADDER DELAY 
FOR SELECT INPUTS 
(+5V and 25 C Maximum Delays) 


S; to G or P 
Gj or Pj to Cj4j (Am2902) 
Cy to F; 


10 10 
23 
Cry to Cy44 or OVR 22 


TOTAL 
16-bit delay 


Let us examine the speed of a 64-bit arithmetic logic unit 
fabricated as shown in Figure 9. The worst case path for this 
design is as follows: 


DATA PATH DELAY 
64-BIT LOOKAHEAD ADDER/SUBTRACTOR 
(+5V and 25 C Maximum Delays) 


Aj or Bj to G or P 
Gj or Pj to Gj or Pj (Am2902) 
Gj or Pj to Cj+j (Am2902) 


Cp to Cj+j (AM2902) 
Crh to Fj 
Cy to Ch +4 or OVR 


TOTAL 
16-bit delay 88 


The above example demonstrates the speed improvement 
when using carry lookahead over the entire array. When this 
64-bit example is compared with the previous 16-bit example, 
it will be found that the only difference is the addition of two 
Am2902 delays. 


RIPPLE CARRY 


The slowest speed ALU design employs the ripple carry tech- 

nique. When four-bit devices such as the Am25LS2517 are 

employed in such an ALU, the speed is usually computed 
using the combinatorial delay terms in the following manner. 

1. Select the longest combinatorial delay in the least signifi- 
cant device from any input to the carry output, Cyh+q4. This 
is usually from the A or B inputs to the carry output. 

2. Add the carry input to carry output propagation delay as 
many times as required to represent each of the interme- 
diate four-bit ALU’s. 

3. Finally, take the propagation delay from the carry input to 
the ALU adder outputs. 


When the above rules are followed, the total worst case propa- 
gation delay over the entire ALU bit width is derived. 


If we consider the ripple carry adder/subtractor configuration 
as shown in Figure 8, the propagation delay for the data input 
to data output path is computed as follows: 

DATA PATH DELAY 


16-BIT RIPPLE CARRY ADDER/SUBTRACTOR 
(+5V and +25 C Maximum Delays) 


Aj or Bj to Cy+q4 
Cy to Ch+4 


Cy to Cy+4 
Cry to Fj 
Cp to Ch+4 or OVR 
TOTAL 
16-bit delay 


In this connection, the maxifnum delay begins at the least sig- 
nificant device and propagates through the most significant 
device via the ripple carry path. 


The select to output delay is computed in a similar manner 
using Sj to Cy+4 as the first term and is found to be: 


Sj to Fj = 122ns; Sj} to Cn +4 = 12ns; S| to OVR = 121ns 
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The ripple carry computational examples show the speed 
of a 16-bit ALU function/generator built using four Am25LS 
2517's. 


COMPARING THE ‘2517/'381 WITH THE ‘181 


To compare the performance of the Am25LS2517 and 
S381, we should evaluate the various ‘181 ALU’s connected 
in a 16-bit configuration with the Am2902 carry lookahead 
generator used in all configurations as shown in Figure 7. The 
comparison for the Aj or Bj to Fj add/subtract time is as 
follows: 


COMPARISON OF 16-BIT ADDER/SUBTRACTOR 
DATA DELAY USING 4 ALU’s AND 1 Am2902 


Maximum 
Add/Subtract 
Delay 


Maximum 
Power* 
ALU Device 


Am74S181 

Am74181 

Am74LS$181 

Am25LS181 
Am25LS381/Am25LS82517 


+5V and 25°C | Vcc = +5.25V 


*Note: Of this power, 94m<A is the Am2902 


CARRY c 
n 
1N Am2902 


Cay 


Am2902 


a) The ‘181 Connection 


b) The '381/'2517 Connection 
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Even more important is the comparison of ‘‘System Speed”’ 
normally associated with the ALU function. If we assume the 
system configuration as shown in Figure 10, then a reasonable 
comparison of speed for Aj or Bj to OVERFLOW can be made 
as follows: 


SPEED AND POWER 
FOR ALU SYSTEMS OF FIGURE 10 


All 
All Gold | ‘LS381 
74LS | Doped | 'LS2517 
25 


26 33 


All 
gry 


All 


Path 25LS 


Aj or Bj toG 
or P 

G or P to Cit; 
(Am2902) 

Cy, to OVR 


Cy to F3 


Inverter 


MUX to OVR 
(151) 


OVERFLOW 


D 
STATUS REG 
Q Q 


D D 
STATUS REG 
Q Q 


Figure 10. The Normal ALU System. 


SUMMARY 


The Am25LS381 and Am25LS2517 offer superior perfor- 
mance utilizing the space saving 20-pin package. The data add/ 
subtract time compares very favorably with the 74181 and 
74S181 with a considerable reduction (1/3 to 1/4) in dissi- 


pated power. The Am25LS381 and Am25LS2517 combina- 
tion provide the OVR function not currently available or 
easily to implement on any ‘181 configuration. The 20-pin 
package configuration offers at least a 2:1 saving in PC board 
area compared to the '181 24-pin package approach. 
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The Am25LS14 is an 8-bit by 1-bit sequential logic element 
that performs digital multiplication of two numbers repre- 
sented in two’s complement form to produce a two’s comple- 
ment product without correction by using Booth’s algorithm 
internally. The device accepts an 8-bit multiplicand (X input) 
and stores this data in eight internal latches. The X latches are 
controlled via the clear input. When the clear input js LOW, all 
internal flip-flops are cleared and the X latches are opened to 
accept new multiplicand data. When the clear input is HIGH, 
the latches are closed and are insensitive to X input changes. 


The multiplier word data is passed by the Y input in a serial 
bit stream — least significant bit first. The product is clocked 
out the S output least significant bit first. 


Note: Pin 1 is marked for orientation. 


The “LS384 is Texas Instruments’ planned second source to Advanced Micro 
Devices’ Am25LS14. See Am25LS14 data sheet for full information. 


FUNCTIONAL DESCRIPTION 


LOGIC DIAGRAM 


Am25LS384 ¢ Am54LS/74LS384 


8-Bit Serial/Parallel Two’s Complement Multiplier 


The multiplication of an m-bit multiplicand by an n-bit multi- 
plier results in an m +n bit product. The Am25LS14 must be 
clocked for m + n clock cycles to produce this two’s comple- 
ment product. Likewise, the n-bit multiplier (Y-input) sign bit 
data must be extended for the remaining m-bits to complete 
the multiplication cycle. 


The device also contains a K input so that devices can be cas- 


caded for longer length X words. The sum (S) output of one 
device is connected to the K input of the succeeding device 
when cascading. Likewise, a mode input (M) is used to indicate 
which device contains the most significant bit. The mode input 
is wired HIGH or LOW depending on the position of the 8-bit 
slice in the total X word length. 


LOGIC SYMBOL 


17°12 13 14 2 


Xz Xg Xe Xqg XQ Xy X1 X 
olciR 7 66 %5 %4 “3 2 “1 “0 


Am25LS814 
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Vec = Pin 16 
GND = Pin 8 
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Am25LS385 « Am54LS/74LS385 


Quad Serial Adder/Subtractor 


'LS385 is Texas Instruments’ planned 
second source to Advanced Micro 
Devices’ Am25LS15. 


See Am25LS15 data sheet for full 
information. 


cP 
CLOCK Pa 


$4 


ADD/ Lo 


SUBTRACT 


CONNECTION DIAGRAM 
Top View 


LOGIC DIAGRAM 
(One of Four Similar Functions) 


FUNCTIONAL DESCRIPTION 


The Am25LS15 is a serial two’s complement adder/subtractor 
designed for use in association with the Am25LS14 serial/ 
parallel two’s complement multiplier. This device can also be 
used for magnitude only or one’s complement addition or 
subtraction. 


Four independent adder/subtractors are provided with com- 
mon clock and clear inputs. The add function is A plus B and 
the subtract function is A minus B. The clear function sets the 
internal carry function to logic zero in the add mode and to 
logic one in subtract mode. This least significant carry is self 
propagating in the subtract mode as long as zeroes are applied 
to the A and B inputs at the LSB’s. All internal flip-flops 
change state on the LOW-to-HIGH clock transition. 


The Am25LS15 is particularly useful for recursive or non- 
recursive digital filtering or butterfly networks in Fast Fourier 
Transforms. 


TO 3 OTHER 
ADDER/SUBTRACTORS 


TO 3 OTHER 
ADDER/SUBTRACTORS 


LOGIC SYMBOL 


Ba 


Am25LS15 


Note: Pin 1 is marked for orientation. 
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15 1413 16 17 18 


A,B, S; Ag By Sp Az 8383 Ag Bg Sq 


CLOCK 
Am25LS15 

QUAD ADDER/SUBTRACTOR 

CLEAR 


Vcc = Pin 20 
GND = Pin 10 


OUTPUT 
CONTROL 


Am25L3S388 « Am54LS/74LS388 


Quad D Register with Standard and Three-State Outputs 


The ‘LS388 is Texas Instruments’ 
planned second source to Advanced 
Micro Devices Am25LS2518. 


See Am25LS2518 data sheet for full 
information. 


LOGIC DIAGRAM 


STANDARD 
OUTPUTS 


THREE-STATE 
OUTPUTS 


CLOCK 


OE 
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FUNCTIONAL DESCRIPTION 


The Am25LS2518 consists of four D-type flip-flops with a 
buffered common clock. Information meeting the set-up and 
hold requirements on the D inputs is transferred to the Q 
outputs on the LOW-to-HIGH transition of the clock. 


The same data as on the O outputs is enabled at the three- 
state Y outputs when the ‘‘output control’ (OE) input is 
LOW. When the OE input is HIGH, the Y outputs are in the 
high-impedance state. 


The Am25LS2518 is a 4-bit, high-speed register intended for 
use in real-time signal processing systems where the standard 
outputs are used in a recursive algorithm and the three-state 
outputs provide access to a data bus to dump the results after 
a number of iterations. 


The device can also be used as an address register or status 
register in computers or computer peripherals. 


Likewise, the Am25LS2518 is also useful in certain display 
applications where the standard outputs can be decoded to 
drive LED’s (or equivalent) and the three-state outputs are bus 
organized for occasional interrogation of the data as displayed. 


LOGIC SYMBOL 


Qp Q, Qy 03 Yq Y, 


CONNECTION DIAGRAM 
Top View 


Note: Pin 1 is marked for orientation, 


Am25LS399 - Am54LS/74LS399 


Quad Two-Input Register 


DISTINCTIVE CHARACTERISTICS 


@ Four-bit register accepts data from one of two 4-bit 
input fields 

Positive, edge-triggered clock 

Am25LS devices offer the following improvements over 
Am54/74LS 

— Higher speed 

— 5OmV lower VoL at lOL = 8mA 

— Twice the fan-out over military range 

— 440uA source current at HIGH output 

100% product assurance screening to MIL-STD-883 
requirements 


FUNCTIONAL DESCRIPTION 


The Am25LS399 and Am54LS/74LS399 are dual input | 
port, four-bit registers built using advanced Low-Power 
Schottky processing. The registers consist of four D-type 
flip-flops with a buffered common clock. Each flip-flop has 
a two-input multiplexer at its data input such that it can be 
loaded with incoming data from one of two sources. A 
buffered common select line, S, controls the four 2-input 
multiplexers. 


Data on the four inputs selected by the S line is stored in 
the four flip-flops on the LOW-to-HIGH transition of the 
clock. When the S input is LOW, the Dj, input data will be 
stored in the register. When the S input is HIGH, the Djg 
input data will be stored in the register. 


The Am54LS/74LS399 is a standard performance version of 
the Am25LS399. See appropriate electrical characteristic 
tables for detailed Am25LS improvements. 


LOGIC DIAGRAM 


CONNECTION DIAGRAM 
Top View 


Vcc 93 O93, D03B D2B D2A Q2 


Note: Pin 1 is marked for orientation. 
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LOGIC SYMBOL 


Dow Dog Dia Dig D2a D2g D3A D3B 


$s 


Vec = Pin 16 
GND =Pin8 


Am25LS/54LS/74LS399 


Am25LS399 


ELECTRICAL CHARACTERISTICS 
The Following Conditions Apply Unless Otherwise Specified: 


COM’L Ta =0°Cto+70°C Voc = 5.0V +5% MIN.=4.75V MAX. =5.25V 

MIL Ta =—55°Cto+125°C =9Vec =5.0V 410% MIN.=4.50V MAX. =5.50V 

DC CHARACTERISTICS OVER OPERATING RANGE Typ. 

Parameters Description Test Conditions (Note 1) Min. (Note 2) Max. Units 


Vec = MIN., lon = —440yuA MIL 
VOH Output HIGH Voltage _ Volts 
VIN = Vin or Vit COM’L 


Vcc = MIN. lol =4.0mA 
Vin = Vin or Vit 


Vin Input HIGH Level Guaranteed input logical HIGH 
voltage for all inputs 
Guaranteed input logical LOW MIL 
Input LOW Level voitage for all inputs COM'L 
Input Clamp Voltage Vcc = MIN., linn = —18MA 
ip Input LOW Current Vcc = MAX.,, Ving = 0.4V 
HH Input HIGH Current Vcc = MAX., Vin = 2.7V 
[others | 
pu Input HIGH Current Vcc = MAX., Vin = 7.0V 
Isc Output Short Circuit Current Vcc = MAX. 45 
(Note 3) 
Vcc = MAX. 


Notes: 1. For conditions shown as MIN. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type. 
Typical limits are at Voc = 5.0V, 25°C ambient and maximum loading. 

. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 

Measured with select and clock inputs at 4.5 V, all data inputs at O V, all outputs open. 
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Power Supply Current 
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RON 


Am25LS « Am54LS/74LS 
MAXIMUM RATINGS (Above which the useful life may be impaired) 


Storage Temperature —65°C to +150°C 
Temperature (Ambient) Under Bias —55°C to +125°C 
Supply Voltage to Ground Potential Continuous —0.5V to+7.0V 
DC Voltage Applied to Outputs for High Output State —0.5V to +Vcec max. 
DC Input Voltage —0.5V to+7.0V 
DC Output Current, Into Outputs 30mA 
DC Input Current —30mA to +5.0mA 


3-191 


Am25LS/54LS/74LS399 


Am54LS/74LS399 


ELECTRICAL CHARACTERISTICS 
The Following Conditions Apply Unless Otherwise Specified: 


COM’L Tp =0°Cto+70°C Vcc = 5.0V +5% MIN.=4.75V MAX. =5.25V 

MIL Ta = —-55°C to+1258°C = Veg = 5.0V 410% MIN.=4.50V MAX. =5.50V 

DC CHARACTERISTICS OVER OPERATING RANGE Typ. 

Parameters Description Test Conditions (Note 1) (Note 2) Max. Units 


3.4 
Volts 
4 


3 


Min. 
Vec = MIN., low = —400uA 
VOH Output HIGH Voltage a On ‘ 
All, lop = 4.0mA ae 
74LS only, loy = 8.0mA 
Guaranteed input logical HIGH 
VIH Input HIGH Level voltage for all inputs 2.0 


Input LOW Level Guaranteed input logical LOW 


voltage for all inputs COM'L 


Vcc = MIN. 
Vin = Vin or Vit 


Output LOW Voltage Volts 


VOL 


Volts 


ad 
on 


| 
. _ . 
oO 


fo) 
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Volts 


Vcc = MIN., lin = —18MA Volts 


Vec = MAX., Vin = 0.4V 


oO 
BS 
3 


3 
> 


| 
Baa 
ae os) 
is 


—100 


ee) 
3 
> 


Ba 
> 


Power Supply Current V MAX 


Notes: 1. For conditions shown as MIN. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type. 
2. Typical limits are at Voc = 5.0V, 25°C ambient and maximum loading. 
3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 
4. Measured with select and clock inputs at 4.5 V, all data inputs at O V, all outputs open. 


FUNCTION TABLE DEFINITION OF FUNCTIONAL TERMS 


SELECT | CLOCK | DATA | INPUTS | OUTPUT 
s Dip Q; 


CP DiA 


Doa, 014A, D2A,03A The “A” word into the two-input 
multiplexer of the D flip-flops. 


Dog. Dig, D2p, D3B The “B’ word into the two-input 
multiplexer of the D flip-flops. 


Qo, Q1, Q2,Q3 ~The outputs of the four D-type flip-flops of 
the register. 


S Select. When the select is LOW, the A word is applied to 
the D inputs of the flip-flops. When the select is HIGH the B 
word is applied to the D inputs of the flip-flops. 


H = HIGH Voltage Level L = LOW Voltage Level ' 
% = Don't Care / =01.20r3 CP Clock Pulse. Clock pulse for the register. Enters data on 
t = LOW-to-HIGH Transition the LOW-to-HIGH transition of the clock line. 
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Am25LS/54LS/74LS399 


SWITCHING CHARACTERISTICS 
(Ta = +25°C, Vcc = 5.0V) 
Parameters Description 


t 
Clock to Output 


fa 
aa 


Am54LS/74LS 


Units Test Conditions 


Oc 
[a0 


Select 


fmax Maximum Clock Frequency (Note 1) 


Note 1. Per industry convention, fmygx is the worst case value of the maximum device operating frequency with no contraints on tr, tf, 
pulse width or duty cycle. 


Am25LS ONLY 
SWITCHING CHARACTERISTICS 
OVER OPERATING RANGE* 


Am25LS MIL 


Ta = -55 C to +125°C 
Vcc = 5.0V +10% 


Am25LS COM’L 


Ta =0°C to +70°C 
Vcc = 5.0V +5% 


Parameters Description Units Test Conditions 


a 
th 


i 
Path [Seer SSC—~—SsSCSs 
0 


Maximum Clock Frequency (Note 1) 3 


max 


*AC performance over the operating temperature range is guaranteed by testing defined in Group A, Subgroup 9. 
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Am25LS/54LS/74LS399 


Am25LS Am54LS/74LS Metallization and Pad Layout 
LOW-POWER SCHOTTKY INPUT/OUTPUT 
CURRENT INTERFACE CONDITIONS 


DRIVING OUTPUT DRIVEN INPUT 


Note: Actual current flow direction shown. DIE SIZE 0.075” X 0.061” 


APPLICATION 


Am25LS399 


Q2 


Am25LS399 used to store a word from either data bus A or data bus B. 
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Am54LS/74LS424 


Clock Generator and Driver for 8080A Compatible Microprocessors 


The SN54LS/74LS424 is Texas Instruments 
second source part number to the AMD/Intel 
8224 device. 


See the current issue of the Am8224 data 
sheet for full information. 
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Am54LS/74LS568 « Am54LS/74LS569 


Four-Bit Up/Down Counters with Three State Outputs 


The 54LS/74LS568 and 54LS/74LS569 are 
other manufacturers alternate source part 
numbers to the Advanced Micro Devices’ 
Am25LS2568 and Am25LS2569. 


See the Am25LS2568 and Am25LS2569 data 
sheets for full information. 
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Am54LS/74LS668 -Am54LS/74LS669 


Synchronous Up/Down Decade and Binary Counters 


The SN54LS/74LS668 and SN54LS/74LS669 are 
reduced speed versions of the 54LS/74LS168A 
and 54LS/74LS169A. 


ELECTRICAL CHARACTERISTICS 
The Following Conditions Apply Unless Otherwise Specified: 


COM'L Ta = 0°C to +70°C Voc = 5.0V +5% MIN. = 4.75V MAX. = 5.25V 
MIL Ta = —58°C to +125°C Veco = 5.0V +10% MIN. = 4.50V MAX. = 5.50V 


DC CHARACTERISTICS OVER OPERATING RANGE 
DC Characteristics are the same as the 54LS/74LS168A and 54LS/74LS169A devices. 


SWITCHING CHARACTERISTICS 
(Ta = +25°C, Veg = 5.0V) 


Am54LS/74LS 
Min. Typ. Max. 


26 40 
18 27 
18 27 
11 17 


Parameters 


Description 


Clock to Ripple Carry 
t 
as Clock to any Q 
tPHL 
t = 
eeu Enable T to Ripple Carry 
tPHL 


teLH 


Units Test Conditions 


or), 
£/3 
cris 


a 


45 
35 
0 


a Up/Down to Ripple Carry aS ae 
eee ee 
~ fee Eee 
| boad 
OO 
ESR OE." aR I SO GN 


Note 1. Per industry convention, fmax is the worst case value of the maximum device operating frequency with no constraints on t,, ts, pulse 
width or duty cycle. 


Three-state output, 20-pin versions are also 
available as the Am25LS2568 and 
Am25LS2569. 
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Am25LS670 * Am54LS/74LS670 


4-By-4 Register File with 3-State or Open Collector Outputs 


Am25LS670 « Am54LS/74LS670 data | FUNCTIONAL DESCRIPTION 
is combined with the Am25LS170. The Am25LS170 and 670 are 16-bit low-power Schottky 


register files. The file is organized as 4 words of 4-bits each 


See Am25LS170 data sheet for full with separate on-chip address decoding for read and write. 


" ‘ This permits simultaneous read and write operations either to 
information. the same or different addresses. 


Four data inputs are used to supply the 4-bit data word to be 
stored. The Wa and We inputs supply the write address while 
the Gy supplies the write enable. Four data outputs (Oo to 
O3) are selected from data word cells by the Ra and Rg 
address. The output is available if the read enable GR is LOW. 
The register file performs a non-destructive readout. The 
Am25LS$170 has open collector output for convenience of 
collector ORing while the Am25LS670 provides three-state 
outputs for bus selection. 


The Am54LS/74LS170 and 6 e standard performance 
versions of the Am25LS160 appropriate electrical 
characteristic tables for,detailed +L &:improvements. 


LOGIC DIAGRAM 


OUTPUTS 
LS170 OC 
LS670 3-STATE 


ac 
1) 
ke 
oO 
lu 
_ 
wT) 
n 
a 
< 
WJ 
cc 


WRITE 
DECODE 
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Am25L$2513 


Three-State Priority Encoder 


DISTINCTIVE CHARACTERISTICS 


@ Encodes eight lines to three-line binary 

@ Expandable 

@ Cascadable 

@ Three State inverted output version of Am54LS/74LS/ 
25LS148 
Gated three-state output 
Advanced Low-Power Schottky processing 
100% product assurance screening to MIL-STD-883 
requirements 


FUNCTIONAL DESCRIPTION 


The Am25LS2513 Low-Power Schottky Priority Encoder 
performs priority encoding of 8 inputs to provide a binary- 
Weighted code of the priority order of the 3 tri-state active 
HIGH outputs Ag, Az, Ag. Three active LOW and two active 
HIGH inputs in AND-OR configuration allow control of the 
tri-state outputs. The use of the input enable (E1) combined 
with the enable output (EO) permits cascading without addi- 
tional circuitry. Enable input (El!) HIGH will force all outputs 
LOW subject to the tri-state control. The enable output is 
LOW when all inputs Ig through ‘17 are HIGH and the enable 
input is LOW. 


LOGIC DIAGRAM 


CONNECTION DIAGRAM 
Top View 


1 4 6 
@ aye 
i, «Et 


14 I 


Note: Pin 1 is marked for orientation. 
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LOGIC SYMBOL 


Am25L$2513 


Am25LS2513 


Am25LS2513 


ELECTRICAL CHARACTERISTICS 
The Following Conditions Apply Unless Otherwise Specified: 


COM’L Typ =O Cto+70°C Veco =5.0V #5% MIN. = 4.75V MAX. = 5.25V 
MIL Ta = 88°C 10 +125°C = Veg = 5.0V #10% = =MIN. = 4.50V MAX. = 5.50V 
DC CHARACTERISTICS OVER OPERATING RANGE : 
yp. 
Parameters Description Test Conditions (Note 1) Min. (Note 2) Max. | Units 


MIL, oH = —1.0mA me 
COM'L, Ion = —2.6mA . 


EO, | aaoun ML] Za 
FTOH © hE VCOM'L 27 


lor = 4.0mA 
lop =8.0MA 


loy = 12MA(Ap Outputs) 


Input HIGH Level Guaranteed input logical HIGH 20 
voltage for all inputs : 
Guaranteed input logical LOW 
Input LOW Level voltage for all inputs COM'L 
Input Clamp Voltage ‘Voc = MIN., lin = -18MA 


Vcc = MAX. E1,G1,G9,G3,G4,G5,l9 
Vin = 0.4V All others 
Vcc = MAX. E1,G1,G9,G3,G4,G5,\ 
Input HIGH Current ail aa eli i 
Vcc = MAX. El,G1,G2,G3,G4,G5, 
Input HIGH Current cae Ut jie Aas a 
Vo = 0.4V 
Vo =24V 


Vcc = MIN. 
Vin = Vin or Vit 


Output HIGH Voltage Volts 


3.4 


nm] nN 
bik 
w | Ww] w 
Bl] A 


Vec = MIN. 
Vin = Vin Or VIL 


Output LOW Voltage 0.45 Volts 


© 
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Off-State (High-l mpedance) 
Output Current 


Output Short Circuit Current 
(Note 3) 


Power Supply Current = MAX 
(Note 4) 


Notes: 1. For conditions shown as MIN. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type. 
2. Typical limits are at Voc = 5.0V, 25°C ambient and maximum loading. 
3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 
4. All inputs and outputs open. 
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Am25LS 

MAXIMUM RATINGS (Above which the useful life may be impaired) 

Storage Temperature —65°C to +150°C 
Temperature (Ambient) Under Bias —55°C to 125°C 
Supply Voltage to Ground Potential Continuous —0.5V to +7.0V 
DC Voltage Applied to Outputs for High Output State —0.5V to+Vec max. 
DC Input Voltage —0.5V to+7.0V 
DC Output Current, Into Outputs 30mA 
DC Input Current —30mA to +5.0mA 


DO Input Cure 
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Am25LS82513 


SWITCHING CHARACTERISTICS 
(Ta = +25°C, Vcc = 5.0V) 
Parameters Description Min. Typ. Max. Units Test Conditions 
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SWITCHING CHARACTERISTICS 
OVER OPERATING RANGE* 


Am25LS MIL 


Ta =—55°C to +125°C 
Vcc = 5.0V +10% 


Min. Max. 


Am25LS COM’L 


Ta =0°C to +70°C 
Vcc = 5.0V +5% 


Min. Max. 
3 


Parameters Description Units Test Conditions 


tPLH 
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*AC performance over the Operating temperature range is guaranteed by testing defined in Group A, Subgroup 9. 


tHz 
tHZ 
tLZ 


Note: 1+ =QOto7 
n=Oto2 
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Am25LS82513 


DEFINITIONS OF FUNCTIONAL TERMS Metallization and Pad Layout 


AO, A1,A2__ Three-state, active high encoder outputs 


El Enable input provided to allow cascaded oper- 
ation 

EO Enable output provided to enable the next lower 
order priority chip 

G1, G2 Active high three-state output controls 


G3, Gq4,G5__s Active low three-state output controls 
Active low encoder inputs 


TRUTH TABLE 


Trrr-xKxxxx zr xXig 


xxx xxx x zr xl 
rxxxxxx zr xis 


rmorxxxxx zr xis 
moe Eee ek ae 
rereraorrire 
Sia on niles ol cos oil = A 


r 
x 
=x 
Ee 
=x 


HIGH Voltage Level 
LOW Voltage Level 
Don’t Care 

For G4 =H,G9=H,G3g=L,Gag=l,Ga=b 


r 
wood i 


Z = HIGH Impedance DIE SIZE 0.082 X 0.085 


Am25LS 
LOW-POWER SCHOTTKY INPUT/OUTPUT 
CURRENT INTERFACE CONDITIONS 


DRIVING OUTPUT DRIVING OUTPUT DRIVEN INPUT 


Note: Actual current flow direction shown. 
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Am25LS82513 


APPLICATION 
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64 Input Priority Encoder Connected for Parallel Enable 
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Am25LS2513 


ORDERING INFORMATION 


Am25LS2513 
Package Temperature Order 


Type Range Number 


Molded DIP O°C to +70°C AM25LS2513PC 


Hermetic DIP O°C to +70°C = =AM25LS2513DC 
Dice 0°C to +70°C = =AM25LS2513XC 
Hermetic DIP —55°C to +125°C AM25LS2513DM 
Hermetic Flat Pak —55°Cto+125°C AM25LS2513FM 
Dice —55°C to +125°-C AM25LS2513XM 


PRIORITY ENCODED RST INTERRUPT 
INSTRUCTION FOR THE Am9080A 


+5.0V 


D 
DATA DATA 
Am9080A 8 Am8228 5 BUS 


+5.0V 


G1 G2 El Gq G5 

= re 

Ay 

A2 

ACTIVE 


LOW Am25LS2513 
INTERRUPTS 


TO 9080A INT 


+5.0V 
INTA FROM 8228 - 
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Am25L$2516 


Eight-Bit By Eight-Bit Serial/Parallel Multiplier with Accumulator 


FUNCTIONAL DESCRIPTION 


The Am25LS2516 is an eight-bit by eight-bit multiplier and 
accumulator employing serial/parallel, two’s complement, 
carry-save arithmetic to deliver a 16-bit product in eight clock 
cycles. The device is fully cascadable for use in high-speed, 
real-time, digital signal processing applications. 


DISTINCTIVE CHARACTERISTICS 


@ Two’s complement, two-bit lookahead carry-save arithmetic 

@® Microprogrammable — four-bit instruction code for load, 
multiply, and read operations 

@ Cascadable, two devices perform full 16-bit multiplication 

without additional hardware 

Eight-bit byte parallel, bidirectional, bussed |/O 

On-chip registers and double length accumulator 

Overflow indicator 

Three-state shared bus input/output lines 

High-speed architecture provides clock rates of 20MHz (Typ) 

100% product assurance screening to MIL-STD-883 

requirements 


The device includes an eight-bit X Register prior to the X latch 
providing X hold for chain or overlapping calculations. The X 
and Y registers are loaded by clocking prior to the beginning 
of a multiply cycle, the data supplied by the bidirectional bus 
or the accumulator register. The double length, 16-bit output 
is multiplexed onto the eight-bit bus; either the upper or lower 
halves of the result can be read at any one time. 


The accumulator and the Y register are both organized as dual- 
rank shift registers, allowing them to shift two bits at a time. 
The serial inputs and outputs of the Y register, the low and 
high order halves of the accumulator and the two-bit serial 
accumulator adder output, both serially and in parallel, are all 
available at external pins to provide cascadability. 


LOGIC SYMBOL 


LOGIC DIAGRAM 


1/0 BUS © 


8 


Am25LS2516 


OVFL 


SUM IN ODD SUM OUT ODD 
SUM IN EVEN SUM OUT EVEN 
ACC UH OUT ODD 


8-BIT X REGISTER 


ACC UH IN ODD 


ACC UH IN EVEN ACC UH OUT EVEN 


8-BIT X LATCHES 


ACC LH IN ODD ACC ADD OUT ODD 
ACC ADD OUT EVEN 
YROUTODD 


Y ROUT EVEN 


ACC LH IN EVEN 


YR INODD 
YR IN EVEN 


MPR-336 


CONNECTION DIAGRAM 


BUS 7 
BUS 6 
BUS 4 
BUS 2 
BUS 0 
ACC UH OUT EVEN 
OVFL 


BUS 5 

BUS 3 

BUS 1 

ACC UH OUT ODD 
ACC UH IN ODD 
ACC UH IN EVEN 
ACC LH INODD 
ACC LH IN EVEN 


ACC ADD 
OUTPUT 


oO ON DO PB WD 


15 
Map 
OVFL 
ae 3 


YR OUT ODD 
Vee 10 Am25LS2516 31 lg ACC m4 pal ACC UH SBT 
| REG ACC OUTPUT REG ACE 
x7 11 GND , 


GND 
Yr INODD 
YRAN EVEN 

MSP 


YR OUT EVEN 
OE 

13 

CLK 


INST 
DECODE 


Yo ACC ADD OUT ODD 
Y14 ACC ADD OUT EVEN 
SUM IN EVEN LSP 


SUM IN ODD 
SUM OUT EVEN 


X_4 
SUM OUT ODD 


MPR-337 MPR-338 
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Am25LS2516 


Am25LS2516 

ELECTRICAL CHARACTERISTICS 

The Following Conditions Apply Unless Otherwise Specified: 

COM’L Ta =0°C to +70°C Vcc = 5.0V +5% MIN. =4.75V. MAX. =5.25V 
MIL Ta =—55°C to +125°C Vec =5.0V +10% MIN. =4.50V MAX. =5.50V 


DC CHARACTERISTICS OVER OPERATING RANGE 
(Bus Inputs/Outputs) 


Parameters Description Test Conditions (Note 1) M 


in. i 


Vec = MIN. 
Vin = Vin or Vin 


Output HIGH Voltage 


Vcc = MIN. 
Vin = Vin or Vit 


Output LOW Voltage 


Guaranteed input logical HIGH 
voltage for all inputs 


Input HIGH Level 


Guaranteed input logical LOW 
voltage for all inputs 


VIL Irfput LOW Level 


Input Clamp Voltage Vac = MIN., lin = —18mMA 


Input LOW Current Vec = MAX., Vin = 0.4V 


Input HIGH Current Vcc = MAX.,, Vin = 2.7V 


Input HIGH Current Vcc = MAX., Vin = 5.5V 


Output Short Circuit Current 
(Note 3) 


(Non-Bus Inputs/Outputs) 


Vcc = MIN. 
Vin = Vin oF Vit 


Output HIGH Voltage 1oH = —1.0mA 


YROUT, loy = 15mA 


Guaranteed input logical HIGH 
voltage for all inputs 


Vec = MIN. 
Vin = Vin or Vit 


Output LOW Voltage 


Input HIGH Level 


Yo, Y1 


Others, MIL 0.7 
Others, COM’'L 0.8 


Guaranteed input logical LOW 
voltage for all inputs 


Input LOW Level 


input Clamp Voltage Vec = MIN., tin = —18mA 


Input LOW Current Vcc = MAX., Vin =0.4V 


See Table 1 


Input HIGH Current Vec = MAX., Vin = 2.7V 


230 315 


Notes: 1. For conditions shown as MIN. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type. 
2. Typical limits are at Voc =5.0V, 25°C ambient and maximum loading. 
3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 


Input HIGH Current Vec = MAX., Vin = 5.5V See Table 1 


Output Short Circuit Current 
(Note 3) 


Power Supply Current 
(Note 4) 
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Am25LS2516 
TABLE 1 


SWITCHING CHARACTERISTICS 
(Ta = +25°C, Vec = 5.0V) 
Parameters Description Min. Typ. Max. Units Test Conditions 


— 
on 


teHL 


Yr Register Out 
tPLH 


teLH 
tPHL 
tPLH 
tPHL 
teLH 
tPHL 
tPLH 
tPHL 
tPLH 
teHL 
teLH 


ACC Adder Out 


NO 
N 


o> 
Uv 
rm 


ACC UH Out 


ACC Bus 


N 
Ni ao 


OVFL 


a No};—|— 
NOPEN ] © 


sJ 


t = 
ZL OE to Bus 
tyz 


X Register (Bus) 


> 
rm 
: 
NTN 


=< 
| 


Y Register (Bus) 


Sum In 

Y Register (Serial) 
ACC LH In 

ACC UH In 

Y EVEN and Y ODD 


- Hold Time on All Inputs 


é 


h 


MAXIMUM RATINGS (Above which the useful life may be impaired) 


Storage Temperature —65°C to +150°C 
Temperature (Ambient) Under Bias —55°C to +125°C 
Supply Voltage to Ground Potential Continuous —0.5V to +6.3V 
DC Voltage Applied to Outputs for High Output State —0.5V to +Vcc max. 
DC Input Voltage (Pins 5, 6, 7, 8, 18, 19, 26) —0.5V to +5.5V 
DC Input Voltage (Other pins) —0.5V to +7.0V 
DC Output Current, Into Outputs 30mMA 
DC Input Current | —30mA to +5.0mA 
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80C-€ 


FUNCTION 


X7 

Y OUT EVEN 

Y OUT ODD 

SUM OUT EVEN 
SUM OUT ODD 

ACC ADD OUT EVEN 
ACC ADD OUT ODD 
ACC UH OUT EVEN 
ACC UH OUT ODD 
OVFL 


cP 

LOAD X 
LOAD Y 
STROBE X 
TCL 
SHIFT ACC 
CLEAR ACC 
MUX 

OEN 
OVFLEN 


CSAV ACC 
A14 

A15 

AG 

A5 

Ao 

AY 


TIMING DIAGRAMS 


| HOLD | SHIFT | SHIFT | HOLD | 
LDY 

| fare a ce sal MPY | MPY | ey wee ese MPY | LDY | MPY | apy | MPY | MPY | py C | MPY | py | wor | un | RLH | oe 

tees. Shige Woes ie. thee ee, Ie Pee chee fee ok. fea. ies ag. so) [is [ie | 17 [18 |19 [20 | 2a | 22 | 


Se en ee a Fo ee ee 


—— ey 
TL 


Ra: 5g Me ee le eee Pee ee | eb alae clk ee lez; Hee ee ee ae ize Fe ae AAG ee 
| xo7 | X07 | Xo7 | X17 | X47 | X17 | X17 | X17 | X17 | X17 | X17 | Xa7_ | X27 | X27 | x27 | X27 | X27 | Xa7 | X27 | X27 | X27 | X27 | X27 | 
| Yor | Yor | Yor | Yio | Y12 | Y14 | Y1e | Y17 | Yt7 | ¥17 | Y17 | Yao | ¥22 | Y2a | Y26 | Y27 Page|. Mor evap, [Nar [Var [yer | ¥a7-| 
| Yor | Yor | Yor | Y11 | Yas | Yas | Yar | Y17 | Ya7 | ¥17 | Y17 | Yar | ¥23 | Y25 | Y27 | Yar | Yar | Yar iar: ker var tL Ver | Yar! 
GfryflrOOQ Baa ee ee eee | Pog | P26 | Pag | Pato | P22 | P24 KYA 
LIM | Pag | Pas | Pav | P19 | Prada | P13 | Pits | Por | P23 | P25 | P27 | Pao | Patt | Pais | 28 KZ 
LMM, | x2 | Ata | Ate | Ata | Arto | Arz2 | Arta | A20 | Azz | As | Aze | Azs | Azo | Azra | Ana LI, 
LLM | aa | ts | Atz | Arg | Arta | Anta | Arts | at | Aas | Aas | A27 | Azo | Aoi | A213 | Ams LW" 
| Aog | Aos | Aos | Aog | 0 0 |o | 0 | Aro | Ar2 | Aa | Ate | Ata | Arto | Artz | Arta | Azo | Azz | Aza | Aze | Azs | Azs | A28 | 
| Aog | Aog | Aog | Aog | 0 o |o |o jam | Ais | Ais | Arz | Arg | Arta | Arta | Arts | Azar | Aza | Azs | Azz | Aaa | Azo | A29 | 
| Fo | Fo | Fo | Fo | 9 0 |o |o |o |o |o |o Rg fora. [ora Fy [Fa [| f: | fr fh pro | Fo fj Fe | 


| Aois | 401s | Ao1s | Aois | 0 | 
| Aos | Acs | Aoe | Aoe | O | 
| 
| 
| 


Coa | C26 | Cos | Caro | Cai2 | Cos WW 
mio | Ai2 | Ara | Ate | Ars | Arto Arta | Arta | Azo | Ave | Aza | Aas | Azs | Aato | Aziz | Aare | Azra | Azra | 
Ain | A13 | Ais | Ariz | Arg | Aras | Aria} Arts | 21 | Aza | A2s | Azz | Azo | Ars | A213 | Azis | Azts | Aais | 


Cio | cia | Cre | Cig | Cro] Cra] Craft 1 | C22 | 
| 
| 
Aro | Ai2 | Ava | Ate | Ars | Arto] Ar12| A114. | Azo | Az2 | Aza | Aze | Az6 | A26 | 
| 
| 


o |o jo |o | 
| Ao7 | Ao7 | Ao7 | Ao7 | 0 0 jo jo fo | Am {Ai | As | Ariz | Arg | Ata] Aria] Aras | A2r | A2z | Aas | At7 | Ao7 | Aa7 | 
| Aoo | Aco | Aco | Aco | 0 o {|o jo fo fo |o {o | Ato | Arz Aia | Ais | Ara | Arto | A112 | Arta | A20 | A20 | Azo | 
| Aor | Aor | Aor | Aor | 0 6. 'Oe es for Gset apo Ao han |p Aig Ais | A17 | Aig | Atta | Arta | Arts | Aza | Aat | At | 
Note: Variables shown are general. 
For this example: 
KEY: Py =X1¥q Aq=Py F,=0 
Ui), Data invalid P9=X2Y¥Q Ag=P1+P2 
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Am25LS2516 


FUNCTION TABLE 


CLR | LOAD | LOAD 
Xx Y 


XFER | CLR 


= 
n 
| 


Function 


LHA~> Y, XFER X,CLRA 
CLR M, READ OVFL 


UHA > Y, XFER X 
CLR M, READ OVFL 


Same Func. 
as 0101 


= Cc 
x 


CLRA 

LOAD Y, XFER X,CLRM 
LOAD Y, XFER X, 

HOLD A,CLRM 


Same Func. 
as 0100 


OVFLEN in 
Next State 


* 


hee 


Must Prc’d 
Any Output 


LOAD X, SHIFT A 
MULTIPLY 


* Active LOW 


LOW-POWER SCHOTTKY INPUT/OUTPUT 
CURRENT INTERFACE CONDITIONS 


Other Outputs Bus Outputs 


DRIVING OUTPUT DRIVEN INPUT DRIVING OUTPUT 


Note: Actual current flow direction shown 


3-209 


DEFINITION OF FUNCTIONAL TERMS 


Bus 0-Bus 7 
X7 


X1 


Accum Upper 
Half out, even 


Accum Upper 
Half out, odd 


Accum Upper 
Half input even 


Accum Upper 
Half input odd 


Accum Lower 
Half input even 


Accum Lower 
Half input odd 


YR out even 
YR out odd 
YR in even 


YR in odd 


Yo 
Y; 


Bi-directional 8-bit data bus. 


Interconnection link from more significant 
byte if cascading (output). 


Interconnecting link between devices to 
least significant byte if cascading (input) 
link X7 to X1 to cascade - must be 
ground if not used. 


Accumulator output upper byte, even bit. 
Accumulator output upper byte, odd bit. 
Accumulator input, upper byte, even bit. 
Accumulator input, upper byte, odd bit. 
Accumulator input, lower byte, even bit. 
Accumulator input, lower byte, odd bit. 


“Y” register output, even (link to “Yq’). 
“Y” register output, odd (link to “Y,’). 


“Y” register input, even (link for cascading) 
ground when not used. 


“Y” register input, odd (link for 
cascading) ground when not used. 


Multiplier odd input (link to Y reg. odd). 
Multiplier even input (link to Y reg. even). 
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Sum in even 


Sum in odd 


Sum out even 
Sum out odd 


Acc Add out, 
even 


Acc Add out, 
odd 


LSB 


Io-lg 


onfl 


MSB 


CP 


Am25LS2516 


Multiplier input even for cascading link to 
more significant byte, for standalone, 
ground. 


Multiplier input odd for cascading link to 
more significant byte, for standalone, 
ground. 


Multiplier output even (link to sum in even 
for cascading) can be used directly. 


Multiplier output odd (link to sum output 
odd for cascading) can be used directly. 


Adder output even, for LSB (Hi) output 
equal sum of Accum and multiplier, for 
LSB (low) output equal sum of accumu- 
lator and zero. 


Same as above except odd bit instead of 
even. 


Control for summing adder — See Accu- 
mulator Add outputs for definition. 


4-bit instruction field — provide cycle for 
cycle control of device function. 


Stored overflow indicator used only on 
least significant byte. Requires proper 
execution of instruction to operate. 


Control for “Y” reg. and multiplier to indi- 
cate Most Significant Byte — Activates 
sign extension and negative waiting for 2’s 
compliment — Low. for lesser significant 
bytes and High for Most Significant 
Byte only. 


Clock Pulse 
3 state enable for Bus 0-Bus 7 outputs. 


THE Am25LS2516 LSI 
MULTIPLIER/|ACCUMULATOR 


By Roy Levy 


The Am25LS2516 is an 8-bit Multiplier/Accumulator de- 
signed for medium performance, minimum power, real time 
signal processing applications such as digital filtering, Fast 
Fourier Transforms, and statistical correlation. Using two’s 
complement carry-save arithmetic, this 40-pin LSI device 
delivers a 16-bit product in eight clock cycles. This will permit 
two devices to be cascaded to achieve a 16-bit by 16-bit 
multiplication in 940ns when used over the full military 
operating range. 


A functional block diagram of the Am25LS2516 is shown in 
Figure 1. The key elements are an 8-bit X input register 
followed by an 8-bit X latch, an 8-bit Y register, four 2-bit 
multipliers, a 2-bit adder, two 8-bit accumulators (high order 
and low order), a byte selecting multiplexer and instruction 
decode logic. These components, equivalent to approxi- 
mately 625 gate elements, are integrated onto a single chip 
fabricated using Advanced Micro Devices’ high- 
performance, Low-Power Schottky technology. The on-chip 
accumulator is provided to minimize component count and 
power dissipation in a high density system. It also allows 
completion of a multiply and accumulate operation in the 
same time normally required for a multiply only. Other LS! 
multipliers currently available require the accumulator func- 
tion to be provided externally. 


O 1/0 BUS 
8 


8-BIT X1 REGISTER 
8-BIT X2 LATCHES 


'e © © 4- 2-BIT 
O O O MULTIPLIER 
1E O 


O x-1 


() O 
= SUM 
? SUM IN O 
A 5 OUT 
© LSB 
CONTROL = OVR 
2-BIT 0 
CELL 
SUM O 


8-BIT P UH ACC 
REG ACC p> OUTPUT 


Figure 1. 8-Bit by 8-Bit Multiplier Block Diagram with 
External Connections Required to Accumulate 
A 16-Bit Product. 


MULTIPLIER OPERATION 


The Am25LS2516 is configured around an eight-line com- 
mon input/output bidirectional bus. X and Y input and ac- 
cumulator output data are routed via these bus lines. A two- 
rank register/latch combination is used for the X input to 
allow chaining of successive multiplies without losing a 
clock pulse; i.e., multiply and load vs. multiply. The latch 
holds the ’X” data for the multiplier, allowing the X register 
to be loaded during any remaining multiply cycles. The “Y” 
Register can be parallel loaded, by command, from the 8-bit, 
on-chip bus from either the incoming 8 bits, or the Ac- 
cumulator High or Accumulator Low Register (separate 
commands). The “‘Y” Register provides the 2-bit-at-a-time 
shift and the sign extend which allows the four 2-bit cells to 
operate in a serial by parallel mode. The multiplier produces 
a 2-bit product for each clock, LSB’s first. Its output is ac- 
cepted by the 2-bit adder as well as presented to external 
pins for expansion. A control gating array is provided to test 
for overflow during the last edd cycle of the operation; i.e., 
cycle 8 for 8-bit multiply and cycle 16 for 16-bit multiply. The 
timing and control of this specific cycle is accomplished by 
the microcode chosen. The “‘no-op” and “LYSA” instruc- 
tions are provided for this purpose. The first cycle of a no-op 
following a multiply will cause the results of the overflow test 
to be stored. Two 8-bit accumulators are provided which 
must be externally connected in either an 8-bit, 16-bit, or 
greater configuration. 


These accumulators as well as the Y Register, are both or- 
ganized as dual-rank shift registers, which allow them to shift 
two bits at a time. The serial inputs and outputs of the Y 
Register and the low and high order halves of the ac- 
cumulator are all brought out to external pins for cascading 
the device. 


The accumulator output is available both serially and in par- 
allel. The accumulator results are available one bit later than 
the multiply cycle and the accumulator stops shifting during 
read cycles. If the device is used to compute X « Y products 
without accumulation, a minimum of two overhead cycles 
must accompany each multiply - - one for reading the upper 
(lower) half of the accumulator and one for clearing of the 
accumulator during the loading of the X or Y Registers. An 
output multiplixer selects the high or low order accumulator 
contents for presentation to the bus in parallel 8 bits at atime. 


The heart of this device is an 8-bit multiplier (Figure 2) made 
up of four 2-bit cells. Each cell has three inputs (2 bits wide), 
two dual carry-save full adders, with four flip-flops for tem- 
porary storage (two for carry-save and two for partial pro- 
duct). The multiplier is actually subdivided into two separate 
adders with appropriate carry-save. The last adder forms a 
partial sum representing 0, 1X, 2X, or 3X by using combina- 
tions of X and 2X. The control of this combination is Yg and 
Y1, respectively, to form YoX, + Y;Xp_44. This sum (nX) is 
the input for the second adder. The second adder combines 
the first adder (nX) sum with the stored partial product 
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shifted two places plus carry to form a new partial product. 
Pomss + Xo + C = Poise 


Pamsp + +1 + C = Purse 


The two partial product bits of the least significant cell are 
made available to the SUMmer and the SUM out terminals. 
The LSB input controls the SUM out providing a pass 
through or add dependent on polarity. 


PROGRAMMING THE MULTIPLIER 


The Am25LS2516 is an externally programmed device con- 
trolled by four instruction lines. This programmability pro- 
vides a key to its flexibility. Sixteen microinstructions (see 
Table 1) are provided, which can be grouped into three major 
functions: Data Move, Read, and Multiply. 


Instruction 0-4: The first instructions (0, 1", “2"", “3") load 
the “Y” Register from the Accumulator (high or low), load the 
“X" Register while either clearing or not clearing, respec- 
tively, the Accumulator. 


The next four instructions (4, 5", “6”, 7") load the “Y” 
Register from external ‘‘bus” and Holds on the accumulators 
and multiplier. 


Instruction ‘7’ is unique and is used to execute a chain 
multiply. It provides the last multiply operation while loading 
the “Y” Register, transferring the ’X’’, and clearing the mul- 
tiplier. 


Instructions ““8’’ and ‘9’ provide the read-out (upper and 
lower halves) of the Accumulator. 


Instructions “A” and “‘B” internally transfer the respective 
halves of the Accumulator to the ‘Xx’ Register — another 
method of chain calculating. 


Instruction ‘‘C’”’ is a true no-op and provides an idling in- 
struction without disabling the clock. NOTE: The operations 
of the instruction are in some cases stored by clocking the 
instructions into an instruction register, accounting for a 


The Am25LS2516 


clocked delay in operations. Specifically, the shifting of the 
Accumulator is an internally stored command and as such is 
started and stopped one clock cycle late, allowing the Ac- 
cumulator to complete its data shifting during the first no-op 
cycle following a multiply and starting it one clock cycle after 
the multiplying cycle is started. 


Instruction ‘‘D” is a single iteration of the multiply and must 
be used for each bit in the multiplier minus one. The last bit of 
the multiplier will be handled by a no-op (’C’”’) or aload Y and 
multiply (7). 


TABLE | 
INSTRUCTION 
Iptolql 
MNEMONIC IN HEX FUNCTION REMARKS 


LHA—>Y, XFER X, CLR A 
CLR M, READ OVFL 
UHA~>Y, XFER X, CLRA 
CLR M, READ OVFL 
LHA->Y, XFER X 

CLR M, READ OVFL 
UHA—Y, XFER X 

CLR M, READ OVFL 


LOAD Y, XFER X, CLR A 
CLR M 


i 
Same function 


as 5 


CLRA 
LOAD Y, XFER X, CLR M 


Same function 
as 4 


LOAD Y, XFER X, HOLDA 
CLRM 


LOAD Y, XFER X, SHIFT A ce Enables overflow 
store in next state 


CLR M, MULTIPLY 


READ LHA 
READ OVFL 


READ UHA 
READ OVFL 
LHA—> X 
READ OVFL 
UHA~Y 
READ OVFL 


NO OP 


| Enable overflow 


store 
MULTIPLY 

SHIFT A 

LOAD X, HOLD A 


LOAD X, SHIFT A 
MULTIPLY 


*Continue multiplying instructions 


FROM X LATCH 


PARTIAL 
PROD REG 


NEXT LSB 


Figure 2. Am25LS2516 Multiplier Cell. 
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The Am25LS2516 


Instruction “E” provides a load ‘’X”’ Register and Hold. 


Instruction “F’’ provides an intermediate instruction which 
can be executed during a multiply. It allows the “X”’ Register 
to load without disturbing the “X’’ Latch, while continuing 
the iteration of the multiply. 


Instructions “‘C” and “7” also provide sampling and storage 
of the overflow condition. 


APPLICATION OF THE MULTIPLIER 


The flow diagram for an 8-bit two’s complement multiply is 
shown in Figure 3, together with the required program 
micro-steps. Figure 4 extends this to include accumulate, 
intermediate load of X and chain calculations. Figures 5a and 
b show the external connection of two Am25LS2516 devices 
to execute a 16-bit by 16-bit multiplication. A 32-bit product is 


LOAD Y 


CLEAR A&M 
TRANSFER X 


EXT COUNTER 
VALUE 


MULTIPLY 
SHIFT A 


AND DEC CTR 


completed in 16 clock cycles. This same technique may be 
extended in a similar fashion to longer word lengths. The 
flowchart of Figure 6 demonstrates a 16-bit two’s comple- 
ment multiply without accumulate, modified to a 12-bit by 
12-bit function. 


The Am25LS2516 Multiplier/Accumulator is the most com- 
plex LSI product manufactured to date with Low Power 
Schottky technology. It will be extremely useful in high- 
density applications where minimum package count is a 
primary consideration. The device itself performs an 8 x 8 or 
16 x 16 multiplication in approximately twice the time of 
parallel multipliers currently available, but using only one 
quarter the power in the multiplier portion of the function. In 
a fully configured system using both techniques, the 
Am25LS2516 performance begins to approach that of the 
parallel multiplier plus supporting devices. 


LOOPING OF MULTIPLY 
USING EXTERNAL CONTROL 


PROGRAM MICRO STEPS 


INST IN HEX 
1 


—_ 


Youvuvv0000 am 


Figure 3. 8-Bit Two’s Complement Multiply without Accumulate or Chain. 
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The Am25LS2516 


LOAD X & 
PROGRAM MICRO STEPS 
E 


INST IN HEX 


OmMn~A AA FWNH = 


LOAD Y, 
CLEAR A &M, 
TRANSFER X 


EXT COUNTER 


VALUE 


LOAD Y, 
TRANSFER X, 
CLEARM, 


COUNTER 


ELSE 


MULTIPLY 


LOAD X, MULTIPLY, 


MULTIPLY, SHIFTA 
SHIFT A DEC CTR 


LOOPING OF MULTIPLY 
USES EXTERNAL CONTROL 


IDLE 


ooo0vnnvevaVeOoON~yuouvoTV CoO em 


MULTIPLY, 
SHIFT A 


Figure 4. 8-Bit Two’s Complement Multiply with Accumulate, Intermediate Load and Chain Calculations. 


O MSB BYTE © LSB BYTE 
8 8 


8 BIT X REGISTER 8 BIT X REGISTER 


MSB 


8 BIT X LATCH 8-BIT X LATCH 


OPTIONAL 
ACCUMULATE 
ONLY 


INDICATES tst OR 2nd DEVICE 
FLOW PATH DURING MULTIPLY 


FLOW PATH DURING MULTIPLY 


Figure 5a. Interconnection of Two Am25LS2516 (8 x 8 Multiplier) Devices to Execute a 16 x 16 Multiply. 
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The Am25LS2516 


LSB BUS 
INSTRUCTION 


MSB BUS 


X7 


X_4 


Vec 
GND 
CLK OVFL OVFL OVERFLOW 
SUM IN ODD SUM OUT ODD 


SUM IN EVEN SUM OUT EVEN 


SUM IN ODD SUM OUT ODD 
SUM IN EVEN SUM OUT EVEN 
ACC UH IN ODD ACC UH OUT ODD ACC UH IN ODD ACC UH OUT ODD 
ACC UH IN EVEN ACC UH OUT EVEN 
ACC LH IN ODD ACC ADD OUT ODD 


ACC UH IN EVEN ACC ADD OUT EVEN 


ACC UH IN EVEN ACC UH OUT EVEN 
ACC LH IN ODD ACC ADD OUT ODD 
ACC UH IN EVEN ACC ADD OUT EVEN 
Y IN ODD Y OUT ODD 


x Y IN EVEN Y OUT EVEN a 


Y OUT ODD 


Y OUT EVEN 


Figure 5b. Two Devices Cascaded in 16-Bit by 16-Bit Multiplier Application with 32-Bit Accumulated Product. 


LOAD Xj 
REG. & 
CTR 


a) WIRE X LOAD BITS 0 -- 12 NORMAL LOOPING OF MULTIPLY 
WIRE 13, 14, 15 TO BIT 12 (SIGN EXTEND) USING EXTERNAL CONTROL 
b) WIRE Y LOAD SAME AS X 
LOAD Y 
CLEAR A&M 
TRANSFER X 


CURRENT 
CTR 
VALUE 


FINAL RESULTS LEFT HAND OR 


pili MOST SIGNIFICANT JUSTIFIED 
AND DEC CTR i.e. FOR 12 x 12, 223 APPEARS 


AT THE MOST SIGNIFICANT 
BIT POSITION OF MOST SIGNIFICANT 
BYTE. 


PROGRAM MICRO STEPS AS IN FIGURE 3 
ALLOWING 11 “D” CODES AND 1 “C” CODE. 


Figure 6. 16 Bit Two's Complement Multiply without Accumulate Modified 
to 12 x 12 (Using Two Am25LS2516 Devices Interconnected). 
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Am25L3S82517 


Arithmetic Logic Unit/Function Generator 


FUNCTIONAL DESCRIPTION 


Am25LS2517 data is combined with 
the Am25LS381. 


See Am25LS381 data sheet for full 
information. 


The Am25LS381 and Am54LS/74LS381 are arithmetic logic 
units (ALU)/function generators that perform three arithmetic 
operations and three logic operations on two 4-bit words. The 
device can also output forced 0000 (clear) or 1111 (preset). 
These eight operations are selected using three function select 
inputs Sg, Sy and Sg as shown in the function table. Full 
carry look ahead is used over the four-bit field within the 
device. When devices are cascaded, multi-level full carry look- 
ahead is implemented using a ‘182 carry look ahead generator 
and the G and P outputs on the Am25LS381 or Am54LS/ 
74LS381. The device is packaged in a space-saving (0.3-inch 
row spacing) 20-pin package. If the Cn+q4 carry output func- 
tion is required, the Am25LS2517 should be used. 


The Am25LS381 is a_ high-performance version of the 
Am54LS/74LS381. Improvements include faster a. c. specifi- 
cations, higher noise margin and twice the fan-out over the 
-military temperature range. 


The Am25LS2517 is an arithmetic logic unit (ALU)/function 
generator that performs three arithmetic operations and 
three logic operations on two 4-bit words. The device can 
also force output 0000 (clear) or 1111 (preset). These eight 
operations are selected using three function select inputs So, 
S; and So as shown in the function table. Full carry look- 
ahead is used over the four-bit field within the device. When 
devices are cascaded, the carry output (C,,44) is connected to 
the carry input (C,,) of the next device. The Am25LS2517 
can also detect two’s complement overflow. The overflow 
output (OVR) is defined logically as C,43 © C,44. 


LOGIC DIAGRAM 


LOGIC SYMBOLS 
Am25LS2517 


Am25LS381 
Am54LS/74LS381 


17 16 


19 18 


19 18 17 16 


Ao Bo Ai By Az Bg Ag B3 
CH+4 


Vcc = Pin 20 
GND = Pin 10 


aoe 5 LL CONNECTION DIAGRAMS 
Top Views 


5 
ry tS] fn Am25LS2517 Am25LS381 
5 tig. ma = Oey Am54LS/74LS381 
| D-| OVR Az Bz Cy, Cn+gOVRF3 Fo Vec Az Bz 43 83 F3 


ef 
7 | 
13 


Note: The Advanced Micro Devices’ LS381 products were designed 
prior to publication of data sheets by T.I. Review specifications for 
possible differences. 


So $1 So Fo F 1 GND 


Note: Pin 1 is marked for orlentation. 
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Am25LS2518 


Quad D Register With Standard And Three-State Outputs 


FUNCTIONAL DESCRIPTION 


The Am25LS2518 consists of four D-type flip-flops with a 
buffered common clock. Information meeting the set-up and 
hold requirements on the D inputs is transferred to the Q 
outputs on the LOW-to-HIGH transition of the clock. 


DISTINCTIVE CHARACTERISTICS 


@ Low-power Schottky version of the popular Am2918 and 
Am25S18 

Four standard totem-pole outputs 

Four three-state outputs 

Four D-type flip-flops 

Second sourced by T. |. as the SN54/74LS388 

100% product assurance screening to MIL-STD-883 
requirements 


The same data as on the QO outputs is enabled at the three- 
state Y outputs when the “output control” (OE) input is 
LOW. When the OE input is HIGH, the Y outputs are in the 
high-impedance state. 


The Am25LS2518 is a 4-bit, high-speed register intended for 
use in real-time signal processing systems where the standard 
outputs are used in a recursive algorithm and the three-state 
outputs provide access to a data bus to dump the results after 
a number of iterations. 


The device can also be used as an address register or status 
register in computers or computer peripherals. 


Likewise, the Am25LS2518 is also useful in certain display 
applications where the standard outputs can be decoded to 
drive LED’s (or equivalent) and the three-state outputs are bus 
organized for occasional interrogation of the data as displayed. 


LOGIC DIAGRAM LOGIC SYMBOL 


STANDARD 
OUTPUTS 


Qp OQ, Qy Oz Yo Y, 


Voo= Pin 16 
GND = Pin 8 


THREE-STATE 
OUTPUTS 


CONNECTION DIAGRAM 
Top View 


CLOCK 


OUTPUT == 
CONTROL OF pp 


Note: Pin 1 is marked for orientation. 
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Am25LS82518 
ELECTRICAL CHARACTERISTICS 


The Following Conditions Apply Unless Otherwise Specified: 


COM'L Tag =0°Cto+70°C 
MIL Ta = —55°C to +125°C 


Vcc = 5.0V +5% 
Vcc =5.0V +10% 


MIN. =4.75V MAX. =5.25V 
MIN.=4.50V MAX. =5.50V 


DC CHARACTERISTICS OVER OPERATING RANGE 


Parameters Description 


Output HIGH Voltage 


Output LOW Voltage 


Input HIGH Level 


Input LOW Level 


Output Short Circuit Current 
(Note 3) 


Min. 
COM'L 27 
IL, loyH = —1.0mA 
COM’L, loy = 2.6mA 
OL = 4.0mA 


Test Conditions (Note 1) 


ot = —660uA 
Vcc = MIN. OH e 


Vin = Vin or Vit, 


H 


ne 


Vec = MIN. 


VIN = Vin OF VIL lOL = 8.0mA 


lot = 12mA 


Guaranteed input logical HIGH 
voltage for all inputs 


2.0 


Guaranteed input logical LOW 
voltage for all inputs 


Typ. 


Am25LS82518 


Notes:1. For conditions shown as MIN. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type. 
. Typical limits are at Voc = 5.0V, 25°C ambient and maximum loading. 


2 
3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second, 
4 


- Icec is measured with all inputs at 4.5V and all outputs open. 


Am25LS 


MAXIMUM RATINGS (Above which the useful life may be impaired) 


Storage Temperature 
Temperature (Ambient) Under Bias 


Supply Voltage to Ground Potential Continuous 
DC Voltage Applied to Outputs for High Output State 


DC Input Voltage 
DC Output Current, Into Outputs 
DC Input Current 
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—65°C to +150°C 
—55°C to +125°C 
—0.5V to +7.0V 
—0.5V to +Vcc max. 
—0.5V to +7.0V 
30mA 

—30mA to +5.0mA 


Am25LS82518 


SWITCHING CHARACTERISTICS 
(Ta = +25°C, Vcc = 5.0V) 


Parameters Description Min. Typ. Max. Units Test Conditions 


OE to Yj 


ee! 


Maximum Clock Frequency (Note 1) 


Note 1. Per industry convention, fmax is the worst case value of the maximum device operating frequency with no constraints on ty, t¢, 
pulse width or duty cycle. 


OVER OPERATING RANGE* Am25LS COM’L Am25LS MIL 
Ta =0°C to +70°C Ta =—55 °C to +125°C 
Vcc = 5.0V +5% Vcc = 5.0V + 10% 


Parameters Description in. in. j Units Test Conditions 


*AC performance over the operating temperature range is guaranteed by testing defined in Group A, Subgroup 9. 
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Am25LS82518 


DEFINITION OF FUNCTIONAL TERMS 


Dj The four data inputs to the register. 

Q; The four data outputs of the register with standard 
totem-pole active pull-up outputs. Data is passed non- — 
inverted. 

Yj; The four three-state data outputs of the register. When 
the three-state outputs are enabled, data is passed non- 
inverted. A HIGH on the “‘output control” input forces the 
Yj outputs to the high-impedance state. 

CP Clock. The buffered common clock for the register. 
Enters data on the LOW-to-HIGH transition. 


OE Output Control. When the OE input is HIGH, the Yi 
outputs are in the high-impedance state. When the OE input 
is LOW, the TRUE register data is present at the Yj outputs. 


TRUTH TABLE 


INPUTS OUTPUTS 


Prer hess a 
rririrss e 


Ir@mieoNnNnNnnNnn < 
<= 
Oo 
~ 
m 
” 


L= LOW NC = No change 
H = HIGH t = LOW to HIGH transition 
X = Don't care Z = High impedance 


Note: 1. When OE is LOW, the Y output will be in the same logic 
state as the Q output. 


Metallization and Pad Layout 


DIE SIZE 0.083” X 0.099” 


Am25LS 
LOW-POWER SCHOTTKY INPUT/OUTPUT 
CURRENT INTERFACE CONDITIONS 


Y DRIVING OUTPUT | Q DRIVING OUTPUT | DRIVEN INPUT 


Note: Actua! current flow direction shown. 
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Am25LS2518 


ORDERING INFORMATION 


Package Temperature Order 
Type Range Number 


Molded DIP O°C to +70°C AM25LS2518PC 


Hermetic DIP 0°C to +70°C AM25LS2518DC 
Dice 0°C to +70°C AM25LS2518XC 
Hermetic DIP ~55°C to +125°C AM25LS2518DM 
Hermetic Flat Pak -55°Cto+125°C AM25LS2518FM 
Dice -55°C to +125°C AM25LS2518XM 


APPLICATIONS 
ft 


DECODER/ 


Am25LS2518 
Am25LS2518 


te) 
Oo 


1/2 Am25LS139 


1/2 Am25LS139 
ao 


CLOCK 
DATA le 
BUS BUS 
The Am25LS2518 used as display register with bus interrogate capability. 
CLOCK 
Wo cP Xo 
Wy xy 
W3 a Ag 
a) 
q 
E 
<x 
O 
o 
Y 
LENGTH m . 5 2 
CONTROL 4 
B B g Y 
a 2 
ENABLE O N 


The Am25LS2518 as a variable length (1, 2, 3 or 4 word)shift register. 
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Am25L$2519 


Quad Register With Two Independently Controlled Three-State Outputs 


DISTINCTIVE CHARACTERISTICS 
@ Two sets of fully buffered three-state outputs 


FUNCTIONAL DESCRIPTION 
The Am25LS2519 consists of four D-type flip-flops with a 


e Four D-type flip-flops buffered common clock enable. Information meeting the 
@ Polarity control on W outputs set-up and hold time requirements of the D inputs is trans- 
@ Buffered common clock enable ferred to the flip-flop outputs on the LOW-to-HIGH transition 
@ Buffered common asynchronous clear of the clock. Data on the QO outputs of the flip-flops is enabled 
@ Separate buffered common output enable for each set of at the three-state outputs when the output control (OE) input 

outputs is LOW. When the appropriate OE input is HIGH, the outputs 
® 100% product assurance screening to MIL-STD-883 are in the high impedance state. Two independent sets of 


outputs —W and Y — are provided such that the register can 
simultaneously and independently drive two buses. One set of 
outputs contains a polarity control such that the outputs can 
either be inverting or non-inverting. 


requirements 


The device also features an active LOW asynchronous clear. 
When the clear input is LOW, the O output of the internal 
flip-flops are forced LOW independent of the other inputs. 
The Am25LS2519 is packaged in a space saving (0.3-inch row 
spacing) 20-pin package. 


LOGIC DIAGRAM 


LOGIC SYMBOL 


OE-Y 
OE-W 


POL -W 
Wo Wy Wo W3 


Yo Y1 Yo Y3 


Vec = Pin 20 
GND = Pin 10 


CONNECTION DIAGRAM 


18 


cP . ctR POL OE—-Y OE-—W 
CLEAR POLARITY OUTPUT ENABLE 


Note: Pin 1 is marked for orientation. 
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Am25LS2519 


ELECTRICAL CHARACTERISTICS 
The Following Conditions Apply Unless Otherwise Specified: 


COM’L Ty =0°Cto+70°C Voc = 5.0V 15% MIN. =4.75V MAX. =5.25V 

MIL Ta = —55°C to +125°C Vec =5.0V +10% MIN. =4.50V MAX. =5.50V 

DC CHARACTERISTICS OVER OPERATING RANGE Typ. 

Parameters Description Test Conditions (Note 1) Min. (Note 2) Max. Units 


Volts 


Vcc = MIN. 
VIN = ViH or Vib 


Guaranteed input logical HIGH 
1H voltage for all inputs 
Guaranteed input logical LOW 
IL Input LOW Level voltage for all inputs COM'L 
| Input Clamp Voltage 
L Input LOW Current Vcc = MAX.,, Vin =0.4V 
H Input HIGH Current Vcc = MAX., Vin =2.7V 
Input HIGH Current Vcc = MAX., Vin = 7.0V 
\ Off-State (High-l mpedance) Voc = MAX. Vo = 0.4V 
02 Output Current Vo =2.4V 
Output Short Circuit Current Vcc = MAX. 
(Note 3) 
| MIL 
Power Supply Current Vec = MAX. F oMIL 
(Note 4) COM’L 


Notes: 1. For conditions shown as MIN. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type. 
2. Typical limits are at Vcc = 5.0 V, 25°C ambient and maximum loading. 
3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 
4. Inputs grounded; outputs open. 


Volts 


O 
r 
H 
i 
° 
| 
> 
w 
pb 


© 
NI 


Volts 


Input HIGH Level 


Volts 


rd 
oo) 


Vec =MIN., lin, = —18MA Volts 


—0.36 mA 


Vv 
V 
| 
| 


N 
Oo 


3 
> 


ele 
oO 

r 
fs 


ol —) 
> 


i = 
> 


Isc 
Icc 


fe 


Am25LS 

MAXIMUM RATINGS (Above which the useful life may be impaired) 

Storage Temperature —65°C to +150°C 
5 C tO +150'C 


Temperature (Ambient) Under Bias —55°C to +125°C 
Supply Voltage to Ground Potential Continuous —0.5V to +7.0V 

> . _—— 
DC Voltage Applied to Outputs for High Output State —0.5V to +Vcece max. 


DC Input Voltage 0.5V to +7.0V 
UO TO THUY 
DC Output Current, Into Outputs 30mA 
a SMA 
DC Input Current —30mA to +5.0mA 
OS SSS MA to F9.0MA 
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Am25LS82519 


SWITCHING CHARACTERISTICS 
(Ta = +25°C, Vcc = 5.0V) 


Parameters Description Min. Typ. Max. Units Test Conditions 
22 


tPHL 
teHL 


teLH 
teHL 


Clock to Yj; 


Clock to W; 
(Either Polarity) 


= 
- 
N 
: 
“ 


tPLH 
tPHL 
teLH 
tPHL 


Clear to Wj 


W 
(>) 


Polarity to W; 


NO 
; : 
~ 


Cc. = 15pF 


— 
0 


, LO 
Clock Pulse Width HIGH 
Data 
Data 
Data Enable 
Data Enable 


Set-up Time, Clear 
Recovery (Inactive) to Clock 


i 
cee 


i) 
© 


1 


—_ 


—_— —_ 
NO 
io) 


Output Enable to W or Y 


WwW 


a 2 


t ae 
f Output Enable to W or Y haere | 20 C, = 5.0pF 
Rance al R, = 2.0k0 

, C. = 15pF 


Note 1. Per industry convention, fmax is the worst case value of the maximum device operating frequency with no constraints on tr, t¢, 


pulse width or duty cycle. 
Am25LS COM’L Am25LS MIL 


SWITCHING CHARACTERISTICS T, = 0C to +70°C | T, = 55°C to +128°C 
OVER OPERATING RANGE* Voc = 5.0V +5% | Voc = 5.0V + 10% 


Parameters Description Min. Max. Min. Max. 


Units Test Conditions 


: 
NS 


tPLH 
TPHL 
teLH 
TPHL 
tPHL 
tPLH 
tPHL 
teLH 
tPHL 


Clock to Yj 


Clock to W; 
(Either Polarity) 
Clear to Yj 


pS 
w 


“ 
Ls) 


Ww 


Clear to Wj 


; 
Ww 


Polarity to Wj 


RO] — 


N 
oO 


NO 
© 


Clear 


NO 
oO 


LOW 


Clock HIGH 


N 
oO 


Data 
Data 

_ Data Enable 
Data Enable 


Set-up Time, Clear 
Recovery (Inactive) to Clock 


NO NO] NM 
oa O| © 
NO 
oi 


Loa 


o> 


vf 
x 

N 
cs 


© 
WN 


NO 
ASS 


Output Enable to Wj or Yj; 
tZL 


ee ie ee 
is Output Enable to W; or Yj i ed L p 
Ede a 2 Ry = 20kf 
C, = 50pF 


* AC performance over the operating temperature range is guaranteed by testing defined in Group A, Subgroup 9. 
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Am25LS2519 


FUNCTION TABLE 


INTERNAL 


a ea POL 


Output Three-State Control 


: 


Enabled 
. 


oe 


ze 


aie a 


Z2Z222 
omeokeke) 


MK | KOK OK OK 
eae 


i L L NC Non- -Inverting Non- averting 

oon Bes e L 

Xx ee poe | L [ 

‘i EE it Xx Xx NC NC NC 

t ‘i L L L L L L 
Clock Enabled t L L H L L H L 

t H L L L L H H 

t H L H L L L H 


L = LOW X = Don't Care 
H = HIGH NC = No Change 
Z = High Impedance tT = LOW to HIGH Transition 


DEFINITION OF FUNCTIONAL TERMS Am25LS 
LOW-POWER SCHOTTKY INPUT/OUTPUT 


CURRENT INTERFACE CONDITIONS 


Dj Any of the four D flip-flop data lines. 


E Clock Enable. When LOW, the data is entered 
into the register on the next clock LOW-to- 
HIGH transition. When HIGH, the data in the 
register remains unchanged, regardless of the 
data in. 


Clock Pulse. Data is entered into the register on 
the LOW-to-HIGH transition. 


OE-W,OE-Y Output Enable. When OE is LOW, the register 
is enable to the output. When HIGH, the out- 
put is in the high-impedance state. The OE-W 
controls the W set of outputs, and OE-Y 
controls the Y set. 


DRIVING OUTPUT DRIVEN INPUT 


Yj Any of the four non-inverting three-state out- 
put lines. 

Wj Any of the four three-state outputs with polarity 
control. 

POL Polarity Control. The Wj outputs will be non- 


inverting when POL is LOW, and when it is 
HIGH, the outputs are inverting. 


CLR Asynchronous Clear. When CLR is LOW, the 
internal Q flip-flops are reset to LOW. 


Note: Actual current flow direction shown. 


3-225 


APPLICATION 


> HP5082-4650 
LEDS , 


DATA 
INPUTS 


CONTROL 
INPUTS 


OTHER DISPLAY 
INPUTS 


Convenient Register Content Monitor or Test Point 


Metallization and Pad Layout 


DIE SIZE 0.083” X 0.099” 
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DATA BUS 


Am25LS2519 


Am25LS2520 


Octal D-Type Flip-Flop With Clear, Clock Enable And Three-State Control 


DISTINCTIVE CHARACTERISTICS 


@ Buffered common clock enable input 

@ Buffered common asynchronous clear input 
@ Three-state outputs 
e 


D-type flip-flops 


current and noise margin 
@ 100% product assurance screening to MIL-STD-883 
requirements 


8-bit, high-speed parallel register with positive edge-triggered, 


Am25LS Family offers improved sink current, source 


E 
CLOCK 
ENABLE 


CONNECTION DIAGRAM 
Top View 


D7 Dg Y6 


E 
fal 
21 


1 
ji 
CLR 


Note: Pin 1 is marked for orientation. 


D3 
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FUNCTIONAL DESCRIPTION 


The Am25LS2520 is an 8-bit register built using advanced 
Low-Power Schottky technology. The register consists of 
eight D-type flip-flops with a buffered common clock, a 
buffered common clock enable, a buffered asynchronous clear 
input, and three-state outputs. 


When the clear input is LOW, the internal flip-flops of the 
register are reset to logic O (LOW), independent of all other 
inputs. When the clear input is HIGH, the register operates in 
the normal fashion. 


When the three-state output enable (OE) input is LOW, the 
Y outputs are enabled and appear as normal TTL outputs. 
When the output enable (OE) input is HIGH, the Y outputs 
are in the high impedance (three-state) condition. This does 
not affect the internal state of the flip-flop O output. 


The clock enable input (E) is used to selectively load data 
into the register. When the E input is HIGH, the register will 
retain its current data. When the E is LOW, new data is entered 
into the register on the LOW-to-HIGH transition of the clock 
input. 


This device is packaged in a space-saving (0.4-inch row spacing) 
22-pin package. 


LOGIC DIAGRAM 


Dy Ds Dg Dy 


Vec = Pin 22 
GND = Pin 11 


Am25LS2520 
Am25LS2520 


ELECTRICAL CHARACTERISTICS 
The Following Conditions Apply Unless Otherwise Specified: 


COM’L Ta =O0°Cto+70°C Vec = 5.0V +5% MIN. =4.75V MAX. =5.25V 

MIL Ta =—55°C to +125°C =-Voc =5.0V+10% MIN.=4.50V MAX. =5.50V 

DC CHARACTERISTICS OVER OPERATING RANGE Ti 

Parameters Description Test Conditions (Note 1) Min. (Note 2) Max. Units 


Volts 


Ww 
Pip 


Vcc = MIN. MIL, loy = —1.0mA 24 
Output HIGH Voltage ay Vv 
Vin = Vin oF VIL COM'L, Io = —2.6mA 2.4 
lot =4.0mA 


lo, = 8.0mA 
Guaranteed input logical HIGH 

Input HIGH Level voltage for all inputs 2.0 
Guaranteed input logical LOW 

Input LOW Level voltage for all inputs | COM'L 

Input Clamp Voltage Vec = MIN., liq = -18mMmA 


Input LOW Current Voc = MAX., Vin = 0.4V 


L 
Input HIGH Current 


Vcc = MIN. 
Vin = Vin or Vit 


Volts 


Volts 


o 
“I 


Volts 


Volts 


—0.36 mA 


Vcc = MAX., Vin = 2.7V 


Input HIGH Current Vcc = MAX., Vin = 7.0V 


: Vo =0.4V 
Off-State (High-I mpedance) Vcc = MAX. O 
Output Current Vo =2.4V 


Output Short Circuit Current Vcc = MAX. 
(Note 3) 


Power Supply Current = MAX 
Icc (Note 4) “ec 


Notes: 1. For conditions shown as MIN. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type. 
2. Typical limits are at Vcc = 5.0 V, 25°C ambient and maximum loading. 
3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 
4, All outputs open, E = GND, Di inputs = CLR = OE = 4.5V. Apply momentary ground, then 4.5V to clock input. 


:~ 
ads 


| 
N 
oO 


ue 
oa 
3 | & 3 
> > 


r=) 
> 


fe 

~ 

5 
> 


storage TEMpera ee 


OE ee a ee eee 


Am25LS 

MAXIMUM RATINGS (Above which the useful life may be impaired) 

Storage Temperature —65°C to +150°C 
Temperature (Ambient) Under Bias —55°C to +125 C 
Supply Voltage to Ground Potential Continuous —0.5V to +7.0V 
DC Voltage Applied to Outputs for High Output State —0.5V to +Vcc max. 
DC Input Voltage —0.5V to +7.0V 
DC Output Current, Into Outputs 7 30mA 
DC Input Current —30mA to +5.0mA 


ee OO 
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Am25LS2520 


SWITCHING CHARACTERISTICS 
(Ta = +25°C, Vcc = 5.0V) 


Parameters Description Min. Typ. Max. Units Test Conditions 


Note 1, Per industry convention, frpgx is the worst case value of the maximum device operating frequency with no constraints on t,, tf, pulse 
width or duty cycle. 


OVER OPERATING RANGE* ee se eilok 
Ta =0°C to +70°C Ta =—55°C to +125°C 
Voc =5.0V + 5% Vcc = 5.0V + 10% 


Description . : : ; Units Test Conditions 
'PLH ee ee eee 

*PHL eee eae ee eee 

th 


: 
Enable (E) 


mo) 
i¥) 
= 
5 
oO 
ion a 
ts) 
hom 4 
n 


a ie Eee CL = 50pF 
SFE ae aa a (Te SOR] RL=2.0k0 
Clock 
ftw =—Fti“‘<‘zYs tT CUE 
| cea Cd ll tti—Cid es 
= Merete le (Oo te ee 
OE to Y; - 
ZL | eee ee 
tz | ee ee 6, = 8 0pF 
OE to Yj; Ry = 2.0k2 
tLz Eee ae L=2. 


<= 
fe) 
x, 
3 
ra 
3 
© 
a) 
9) 
9. 
a 
7 
3°) 
Q 
Cc 
@ 
p=) 
ip) 
< 
2 
) 
o> 
© 
won 
N 
: 
N 
= 
= 
N 


fmax 


*AC performance over the operating temperature range is guaranteed by testing defined in Group A, Subgroup 9. 
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Am25LS2520 


DEFINITION OF FUNCTIONAL TERMS FUNCTION TABLE 


The D flip-flop data inputs. 


CLR When the clear input is LOW, the Q; outputs are 
LOW, regardless of the other inputs. When the 
clear input is HIGH, data can be entered into the 
register. 


CP Clock Pulse for the Register; enters data into the 
register on the LOW-to-HIGH transition. 


Yj The register three-state outputs. 
E 


Clock Enable, When the clock enable is LOW, 
data on the Dj input is transferred to the Qj 
output on the LOW-to-HIGH clock transition. 
When the clock enable is HIGH, the OQ; outputs 


a 


=> 


H = HIGH NC = No Change 
do not change state, regardless of the data or clock = LOW = LOW-to-HIGH Transition 
input transitions. X = Don’t Care Z = High |mpedance 


OE Output Control. When the OE input is HIGH, 
the Y; outputs are in the high impedance state. 


When the OE input is LOW, the TRUE register 
data is present at the Y; outputs. 


Am25LS 
LOW-POWER SCHOTTKY INPUT/OUTPUT 
CURRENT INTERFACE CONDITIONS 


Metallization and Pad Layout 


DRIVING OUTPUT DRIVEN INPUT 


no 


77 
Se 


DIE SIZE 0.080” x 0.111” 


Note: Actual current flow direction shown. 
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Am25LS2520 


ORDERING INFORMATION 


Package Temperature Order 
Type Range Number 


Sa a ne 
Molded DIP O°C to +70°C AM25LS2520PC 


Hermetic DIP 0°C to +70°C AM25LS2520DC 
Dice O0°C to +70°C AM25LS2520XC 
Hermetic DIP —55°C to+125°C AM25LS2520DM 
Hermetic Flat Pak -55°C to +125°C AM25LS2520FM 
Dice -55°C to +125°C =AM25LS2520XM 


APPLICATIONS 


16-BIT DATA BUS 
1 et 


8 8 
INSTRUCTION REGISTER | Am25LS2520 Am25LS2520 
OTHER 


8 
8 
MAPPING PROM | Am27LS11 Am27LS11 Am27LS11 
4 
MICROPROCESSOR 
SEQUENCER Am2809 Am2909 Am2909 


ICROP RAM 
8 8 8 8 
Am25LS2520 Am25LS2520 Am25LS2520 Am25LS2520 
PIPELINE 


8 8 8 
REGISTER 
56-BIT PIPELINE REGISTER 
A typical Computer Control Unit for a microprogrammed machine. 
ADDRESS 
Am9080A 


DATA 


Am8228 


8 8 


Am25LS240 Am25LS240 - 


8 


DATA BUS 


ADDRESS BUS 
Po : Po 


16 
8 
Am25LS2520 Am25LS2520 Am25LS2520 Am25LS2520 Am25LS2520 


1/0 DEVICE #2 


Am25LS2520 


8 


1/0 DEVICE #1 


The Am25LS2520 is a useful device in interfacing with the Am9080A system buses. 
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Am25L$2521 


Eight-Bit Equal-To Comparator 


DISTINCTIVE CHARACTERISTICS FUNCTIONAL DESCRIPTION 


8-bit byte oriented equal comparator The Am25LS2521 is an 8-bit ‘equal to’’ comparator capable 
Cascadable using Ejny of comparing two 8-bit words for ‘‘equal to’’ with provision 
High-speed, Low-Power Schottky technology for expansion or external enabling. The matching of the two 
tpd Ae B to EQuT in Ons 8-bit inputs plus a logic LOW on the EIN produces an active 


Standard 20-pin package LOW on the output EQUT. 


100% product assurance screening to MIL-STD-883 The logic expression for the device can be expressed as: 

requirements EouTt = (Ag © Bg) (Ay © By) (A2©@B2) (A3©B3) (Aq © Ba) 
(A5 © Bs) (A7© B7) EIn. It is obvious that the expression is 
valid where Ag — A7 and Bo — B7 are expressed as either 
assertions or negations. This is also true for pair of terms i.e. 
Ag can be compared with Bg at the same time Aj is compared 
with By. It is only essential that the polarity of the paired 
terms be maintained. 


LOGIC DIAGRAM 


CONNECTION DIAGRAM LOGIC SYMBOL 


z 18 17 6 15 1413 #1211 #9 8 
Vec Eout 87 8 17 


B7 A7 Bg Ag 85 A5 Bg Ag 83 AZ Ba A2 Bi Ay Bo Ao 


Vcc = Pin 20 


Note: Pin 1 is marked for orientation GND = Pin 10 
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Am25LS82521 


ELECTRICAL CHARACTERISTICS 
The Following Conditions Apply Unless Otherwise Specified: 


COM'L Ty =0°Cto+70°C Voc = 5.0V +5% MIN. =4.75V MAX. =5.25V 

MIL Ta =—-55°C to+125°C =—§ Veg = 5.0V 10% =9MIN. = 4.50V. MAX. =5.50V 

DC CHARACTERISTICS OVER OPERATING RANGE Typ 

Parameters Description Test Conditions (Note 1). Min. (Note 2) Max. Units 


Volts 


Voc = MIN. MIL : 
Vv Output HIGH Voltage IOH = —440uA 


lOL = 4.0mA 

Voc = MIN. 
Vin = ViH or Vii | LOL = 8.0mA 
lot = 12mA 


Guaranteed input logical HIGH 
ViH InBUe IGE -Eewe! voltage for all inputs 
Guaranteed input 1ogical LOW ca a 
ViL Input LOW Level voltage for all inputs COM'L 
Input Clamp Voltage Vcc = MIN., Ijn_y = —18MA 
ee 
nn Input LOW Current Vcc = MAX., VIN =0.4V a 
et eal 
HH Input HIGH Current Vcc = MAX., VIN =2.7V a ee 
Input HIGH Current Vcc = MAX., Vin = 7.0V ee ie 
Isc Output Short Circuit Current Vcc = MAX. _15 
(Note 3) 
Power Supply Current = 
1 Vcc = MAX. 
— (Note 4) ee 


Notes: 1. For conditions shown as MIN. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type. 
2. Typical limits are at Vcc = 5.0V, 25°C ambient and maximum loading. 
3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 
4. E = GND, all other inputs and outputs open. 
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MAXIMUM RATINGS (Above which the useful life may be impaired) 


Storage Temperature —65°C to +150°C 
Temperature (Ambient) Under Bias —55 C to +125°C 
Supply Voltage to Ground Potential Continuous —0.5V to +7.0V 
DC Voltage Applied to Outputs for High Output State —0.5V to +Vcc max. 
DC Input Voltage —0.5V to +7.0V 
DC Output Current, Into Outputs 30mA 
DC Input Current —30mA to +5.0mA 
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Am25LS2521 


SWITCHING CHARACTERISTICS 
(Ta = +25°C, Vcc = 5.0V) 


Parameters Description Min. Typ. Max. Units Test Conditions 


t | —— 
A; or B; to Equal 


= 
sn E to Equal 


SWITCHING CHARACTERISTICS 
OVER OPERATING RANGE * 


Ta = 0°C to +70°C 
Vcc = 5.0V +5% 


Ta = —55°C to +125°C 
Voc = 5.0V +10% 


Parameters 
A, or By fo eas ae ee ee 
Equal Output eee: ae ee eee 


a | 105 
E to Equal Output 
Piet | cetaelowee = | as 


* AC performance over the operating temperature range is guaranteed by testing defined in Group A, Subgroup 9. 


Description 


DEFINITION OF FUNCTIONAL TERMS Am25LS 
LOW-POWER SCHOTTKY INPUT/OUTPUT 


Ap-Ay Ai 
047 neue ome. CURRENT INTERFACE CONDITIONS 


Bo—B7 B input to comparator 
Ein Enable active LOW 
Eourt EQUAL output active LOW 


Metallization and Pad Layout 


DRIVING OUTPUT DRIVEN INPUT 


DIE SIZE 0.063” x 0.074” Note: Actual current flow direction shown. 
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Am25LS2521 


APPLICATION 


MAX. ENABLE (HIGH-to-LOW) DELAY 
OVER 16-BITS 
(Commercial Range) 


ADDRESS SELECT 
ENABLE TERM 


46 
A7 
Ein Eout 

e e 

e 

Egut 

Ao ‘0 

Ay 


MICROPROCESSOR ADDRESS BUS 


WRITE ENABLE, 
READ ENABLE 
OR BOTH 


MICROPROCESSOR ENABLE CONTROLLED, 
SELECTABLE, ADDRESS DECODER 


ORDERING INFORMATION 


Package Temperature Order 

Type Range Number 
Molded DIP 0°C to +70°C AM25LS2521PC 
Hermetic DIP 0°C to +70°C AM25LS2521DC 
Dice 0°C to +70°C AM25LS2521XC 
Hermetic DIP —55°C to +125°C AM25LS2521DM 
Hermetic Flat Pak -—55°Cto+125°C AM25LS2521FEM 
Dice —55°Cto+125°C AM25LS2521XM 
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Am25L$2524 


Registered Comparator 


DISTINCTIVE CHARACTERISTICS 


@ Eight-bit bi-directional register with bus oriented input- 
output 

@ Independent seria! input-output to register 

@ Register to bus comparator with equal to greater than and 
less than outputs 

@ Cascadable in groups of eight bits 

@ Comparator has open collector status outputs controlled 
by status enable 

e@ Compare performed at 2’s complement or magnitude 

e Controlled by 2-bit function code 

e Standard 20-pin package 

e 100% product assurance screening to MIL-STD-883 


requirements 


So O 
DECODER 
$1 0 


MODE O 


STATUS 
ENABLE 


CASCADE/ 
SERIAL IN 
csi 
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FUNCTIONAL DESCRIPTION 


The Am25LS2524 is an eight-bit bi-directional register with 
parallel input and output plus serial input and output pro- 
gressing from LSB to MSB. Also attached to the input/output 
is an eight-bit comparator with one port tied to the register 
output and the other port tied to the input/output pins. The 
device outputs are three open collector, active HIGH outputs 
representing ‘equal to”, “greater than”, “less than”. Provi- 
sion has been made to disable these outputs (to OFF state) by 
the use of Status Enable. The device functions are controlled 
by two control lines, SoS, to execute shift, load, hold, and 
readout. 


A mode control has been provid 
ment as well as magnitude cog 
and parallel, are loaded by the 
An output is also provided 


d to allow two’s comple- 
e. All data inputs, serial 
edge of the input clock. 
ding the device to ac- 
ight bits per device. 


COMPARATOR 


(8 BIT) 


ACTIVE 
HIGH 

OPEN 
COLLECTOR 


CASCADE/ 
SERIAL OUT 
cso 


Am25LS2525 


System Clock Generator and Driver 


timing 


TANK CS 


CRYSTAL 


CYCLE 
LENGTH 


CLEAR (> 


HALT REO [> 


DISTINCTIVE CHARACTERISTICS 


@ Single chip clock generator and driver 

@ Five different clock output waveforms for Am2900 and 
other bipolar and MOS systems 

@ Crystal controlled for stable system operation 

® Oscillator to 33MHz — oscillator output for external system 


@ Clock halt, single-step and wait controls 

@ Variable cycle lengths — 1-of-8 different cycle lengths may 
be programmed 

@ 20-Pin package 

@ 100% product assurance screening to MIL-STD-883 
requirements 


FUNCTIONAL DESCRIPTION 


The Am25LS2525 is a single-chip general purpose clock 
generator/driver. It is controlled by a crystal, selected by the 
designer, and is microprogrammable to meet a variety of 
system speed requirements. The Am25LS2525 generates 
five different clock output waveforms tailored to meet the 
needs of Am2900 and other bipolar and MOS microproces- 
sor based systems. Also, variable cycle lengths may be gen- 
erated under microprogram control. One-of-eight different 
cycle lengths may be microprogrammed using the Cycle 
Length inputs L1, L2, and L3. 


The Am25LS2525 oscillator runs at frequencies up to 33 MHz. 
An input pin is provided for a tank circuit which allows the 
use of overtone mode crystals. A buffered oscillator output is 
provided for external system timing. 


LOGIC DIAGRAM 


Clock halt, single-step and wait contra | 
Am25LS2525. The HALT REQ ing 


ware provided for the 
valts the clocks; the 
| tis deactivated. The 
when the clocks 
ip cycle. The WAIT 


OSCILLATOR 


on WAIT ACK 
Le 


CLOCK 3 


C4 
CLOCK 4 
ee 
Ea 3 
CLOCK 5 = 
GEN 


CLEAR 
HLT 
SINGLE STEP 
WAIT REQ 
READY 


Am25LS2525 WAIT ACK FO 


CLOCK OUTPUTS 


Vcc = Pin 20 
GND = Pin 10 


Cz Cy Cy 


CONNECTION DIAGRAM 


Note: Pin 1 is marked for orientation. 
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Am25LS2535 


Eight Input Multiplexer With Control Register 


DISTINCTIVE CHARACTERISTICS 


@ High speed eight-input multiplexer 

@ On-chip Multiplexer Select and Polarity Control Register 

@ Output polarity control for inverting or non-inverting 
output 


© Common register enable Po 
e@ Asynchronous register clear 
@ Three-state output for expansion D, 
@ Am25LS features improved noise margin, higher drive, and 

faster operation D, 
@ 100% product assurance screening to MIL-STD-883 

requirements és 
FUNCTIONAL DESCRIPTION A 
The Am25LS2535 is an eight-input Multiplexer with Control Z 
Register. The device features high speed from clock to output 2 
and is intended for use in high speed computer control units 
or structured state machine designs. 6 


The Am25LS2535 contains an internal register which holds 
the A, B and C multiplexer select lines as well as the POL 
(polarity) contro! bit. When the Register Enable input (RE) is 
LOW, new data is entered into the register on the LOW-to- 
HIGH, transition of the clock. When RE is HIGH, the register 
retains its current data. An asynchronous clear input (CLR) is 
used to reset the register to a logic LOW level. 


The A, B and C register outputs select one of eight multiplexer 
data inputs. A HIGH on the Polarity Control flip-flop output 
causes a true (non-inverting) multiplexer output, and a LOW 
causes the output to be inverted. In a computer control unit, 
this allows testing of either true or complemented flag data at 
the microprogram sequencer test input. 


An active LOW Multiplexer Enable input (ME) allows the se- 
lected multiplexer input to be passed to the output. When ME 
is HIGH, the output is determined only by the Polarity Control 
bit. . 

The Am25LS2535 also features a three-state Output Enable 
control (OE) for expansion. When OE is LOW, the output is 


enabled. When OE is HIGH, the output is in the high imped- 
ance state. 


CONNECTION DIAGRAM 
Top View 


: Pin 1 is marked for orientation. 
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LOGIC DIAGRAM 


— Ee 

SE = 
Manet: 
MREGE: 


LOGIC SYMBOL 


1 19 18 17 14 13 12 11 


Vcc = Pin 20 
GND= Pin 10 


Am25LS2535 


ELECTRICAL CHARACTERISTICS 
The Following Conditions Apply Unless Otherwise Specified: 


COM’L Ty, =0°C to +70°C Vec =5.0V +5% MIN. =4.75V MAX. =5.25V 
MIL Ta =—-55°C to +125°C =9 Vee = 5.0V 410% MIN. =4.50V MAX. =5.50V 


DC CHARACTERISTICS OVER OPERATING RANGE Typ. 


Parameters Description Test Conditions (Note 1) Min. (Note 2) Max. Units 


Vec = MIN. MIL, Ion = ~—2.0mA 2.4 
VOH Sra eo reee Vin= Vin or VIL | COM'L, loy = —6.5mA ; 
lo, = 4.0mA 
Valea 
VOL Output LOW Voltage Vin = Vig or Vib lo_ =8.0mA 
lo, = 20mA 


Guaranteed input logical HIGH 
voltage for all inputs 


Guaranteed input logical LOW 
ViL Input LOW Level voltage for all inputs 


Vec = MIN., lin = —18MA 


Volts 


NO 
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Oo 
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NO; 
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Volts 
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45 


Input HIGH Level Volts 


= 
ic 


= 


MIL 
COM’L 


Volts 


oO 
N 


Volts 


Input Clamp Voltage 


Hie Input LOW Current 2 
Vin =0.4V Dn. A, B, C, POL, CP, CLR 


Vcc = MAX., 
hy Input HIGH Current Vin =2.7V Dy. A.B, G, POL, CP, GLA 
Vcc = MAX., 
Input HIGH Current — 
Vin =5.5V Dy, A, B, C, POL, CP, CLR 
' Off-State (High-Impedance) Voc = MAX. Vo =0.4V 
OZ Output Current Vo =2.4V 
Isc Output Short Circuit Current Vcc = MAX. _40 
(Note 3) 
Power Supply Current Vee = MAX 
(Note 4) ce , 


Notes: 1. For conditions shown as MIN. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type. 
2. Typical limits are at Vcc = 5.0V, 25°C ambient and maximum loading. 
3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 
4. D,—D7,A, B,C, POL, ME, CLR at GND. All other inputs and outputs open. 
Measured after a momentary ground then 4.5 V applied to clock input. 


—0.72 
—2.0 


fe] 
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a 3 


148 


MAXIMUM RATINGS (Above which the useful life may be impaired) 


Storage Temperature —65°C to +150°C 
Temperature (Ambient) Under Bias —58°C to +125°C 
Supply Voltage to Ground Potential Continuous —0.5V to +7.0V 
DC Voltage Applied to Outputs for High Output State —0.5V to +Vcc max. 


i gE 
DC Input Voltage —0.5V to +5.5V 


i ed 
DC Output Current, Into Outputs 30mA 
TIA 
DC Input Current —30mA to +5.0mA 
eee UMA To F9.0MA 
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Am25LS2535 


SWITCHING CHARACTERISTICS 
(Ta = +25 C, Vcc = 5.0V) 


Parameters Description Min. Typ. Max. Units Test Conditions 


Clock to Y PO 


L—- LOW 


mal 
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SWITCHING CHARACTERISTICS 
OVER OPERATING RANGE* 


Ta = 0°C to +70°C 
Vcc = 5.0V +5% 
Min. 


Ta = —55°C to +125°C 
Vcc = 5.0V +10% 
Min. 


Parameters Description Units Test Conditions 


ee ee 
Pcwcrw yr fF} ——} 3 fo 
NE Seen er oe ences ane RL = 2.0k0 
CLR to Y 
ME to Y rs ee ee 
af OE to Y (ana (ee ey ears ee ee 
22H cae (ne ees ean (ie 
OE to Y es a 
ey ee 
a eee eae (EE | Sed en 
eee Be (ae Se ee (pee See eT 
PRG ne ee ue et ee ed 
peer UOW toh ea aa 
Ri ommerORRe.. Wee ee fn Oe 


’ * AC performance over the operating temperature range is guaranteed by testing defined in Group A, Subgroup 9. 
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A,B,C 


POL 


DEFINITION OF FUNCTIONAL TERMS 


xX X xX x 


Clear 


- Reg. Disable X Xx 4 X H H 


Select 
(Multiplex) 


Multiplexer 
Disable 


Tri-state 
Output 
Disable 


NC = No Change 


xX = Don’t Care 


Multiplexer Select Lines. One of eight multiplexer 
data inputs is selected by the A, B and C register 
outputs. 

Polarity Control Bit. A HIGH register output causes 
a true (non-inverted) output and a LOW causes the 
output to be inverted. 

Multiplexer Enable. When LOW, it enabled the 
8-input multiplexer. When HIGH, the Y output is 
determined by only the Polarity Control bit. 
Register Enable. When LOW, the Multiplexer Select 
and Polarity Control Register is enabled for loading. 
When HIGH, the register holds its current data. 


3-241 


INPUTS 
C B A POL RE CLR cP 
4 L 


Ly | 


FUNCTION TABLE 


x;~DttIrree er 


x 
x 


Note 1: The output will follow the selected input, Dj, or its complement depending on the state of the POL flip-flop. 


L L L L 


X <M) EDT Pr la re 


x x/ Ir Fer tere rer 


Clear. A LOW asynchronously resets the Multiplexer 
Select and Polarity Control Register. 


Data Inputs to the 8-input multiplexer. 


Clock Pulse. When RE is LOW, the Multiplexer 
Select and Polarity Control Register changes state 
on the LOW-to-HIGH transition of CP. 


Output Enable. When LOW, the output is enabled. 
When HIGH, the output is in the high impedance 
State. 


The chip output. 


Am25LS$2535 


Am25LS Metallization and Pad Layout 
LOW-POWER SCHOTTKY INPUT/OUTPUT 
CURRENT INTERFACE CONDITIONS 


DRIVING OUTPUT DRIVEN OUTPUT 


Note: Actual current flow direction shown. DIE SIZE 0.080’’ X 0.099”’ 


APPLICATION 


INSTRUCTION ? 
INPUTS > 
FROM PIPELINE F 
REGISTER 3 
Am29811 Am2911 MICROPROGRAM 
OUTPUTS 
1 
2 Do Dy 
3 it) Am25LS175 
“ MY RE PIPELINE REGISTER 
pe — 
2 = ene 
6 < c 
7 i ae ae aes 
; pa a Bae 
TEST f t 
INPUTS 
| [a5 PNCONPENONAE Hat | 
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Am25LS2535 


mal 
>rP wo ifwm 


A versatile one-of-sixteen Test Select with Polarity Control and Test Select Hold. 
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Am25LS$2536 


Eight-Bit Decoder With Control Storage 


FUNCTIONAL DESCRIPTION 


DISTINCTIVE CHARACTERISTICS 


8-bit decoder/demultiplexer with control storage 
3-state outputs 

Common clock enable 

Common clear 

Polarity control 

Advanced Low Power Schottky Process 

100% product assurance screening to MIL-STD-883 
requirements 


The Am25LS2536 is an eight-bit decoder with contro! stor- 
age. It provides a conventional 8-bit decoder function with 
two enable inputs which may also be used for data input. 
This can be used to implement a demultiplexer function. In 
addition, the exclusive “OR” gate allows for polarity control 
of the selected output. The 3-state outputs are enabled by a 
LOW on the (OE) output enable. 


The three control bits representing the output selection and 
the single bit polarity control are stored in “D” type flip-flops. 
These flip-flops have both Clear, Clock, and Clock Enable 
functions provided. The G, and Go input provide either polar- 
ity for input control or data. 


LOGIC DIAGRAM 
8-Bit Decoder/Demultiplexer with Control Storage 


56 ab Hes 


\/ 


Am25LS2536 


3 


CE 


Note: Pin 1 is marked for orientation. 
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ELECTRICAL CHARACTERISTICS 
The Following Conditions Apply Unless Otherwise Specified: 


COM’L Ta =0°Cto+70°C Vcc = 5.0V +5% MIN.=4.75V MAX. =5.25V 

MIL Ta = —55°C to +125°C Vec =5-0V 10%  MIN.=4.50V MAX. =5.50V 

DC CHARACTERISTICS OVER OPERATING RANGE 

Parameters Description Test Conditions (Note 1) Min. 


O HIGH Vol oe | 
utput oitage 
a ? Vin = Vin or Vit 


Vcc = MIN. 
Vin = Vin or Vit 


Output LOW Voltage 


2.0 


Vin Input HIGH Level Guaranteed input logical HIGH 
voltage for all inputs 
Guaranteed input logical LOW 
nob COW eve) voltage for all inputs 
Input Clamp Voltage 


Vec = MIN., lyyy = —18mMA 


lOH = —1.0mA, MIL 
lo = 24mA, COM’L 0.5 
Voits 


Am25LS2536 


Typ. 
(Note 2) Max. Units 


Volts 


Volts 


Vcc = MAX., Vin, = 0.4V 


pu Input LOW Current 


Voc = MAX.,, Vin = 2.7V 


Me 
Input HIGH Current 


Input HIGH Current Voc = MAX., Vin = 7.0V 


Output Current Vo =2.4V 
Isc Output Short Circuit Current Vcc = MAX. 15 
(Note 3) 
Power Supply Current ae 
1 = MAX. 


eee 


Notes: 1. For conditions shown as MIN. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type. 


2. Typical limits are at Vac = 5.0V, 25°C ambient and maximum loading. 
3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed 
4. Test Conditions: A = B = C = Gq = Go = OE = CE = GND; CLK = CLR = POL =4.5V. 


MAXIMUM RATINGS (Above which the useful life may be impaired) 


Storage Temperature 


one second. 


—65°C to +150°C 


ee ee 


Temperature (Ambient) Under Bias 
Supply Voltage to Ground Potential Continuous 
DE Voltage Applied to Outputs for High Output State 


—55°C to +125 C 
—0.5V to +7.0V 
—0.5V to +VCcc max. 


DC Input Voltage 
DC Output Current, Into Outputs 
DC Input Current 


—0.5V to +7.0V 
30mA 
—30mA to +5.0mA 


we 
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Am25LS2536 


SWITCHING CHARACTERISTICS 
(Ta = +25°C, Vec = 5.0V) 
Parameters Description Min. Typ. Max. Units Test Conditions 


Go to Yo — Y 
CP to Yo — Y7 
CLR to Yop — Y7 
et hae 
pts | Glock Enable to CP ———f oo 
tae (ee eee 
Es eee 


E 
mare 
c 
ie) 


Set-up Time, Clear Recovery to CP 
| 1 
Pulse Width 


SWITCHING CHARACTERISTICS 
OVER OPERATING RANGE* 


Am26LS COM’L Am25LS MIL 


Ta = 0°C to +70°C Ta = —55°C to +125°C 
Vcc = 5.0V +5% Voc = 5.0V +10% 
Min. ‘Max. Min. Max. 


Units Test Conditions 


Parameters Description 


w 
_ 
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is G; to Yo - Y7 
tPHL 


Ww 
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tPLH 


Go to Yo = Y7 
tPHL 


tepLH 


CP to Yo = Y7 
tPHL 
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tPLH 


CLR to Yo - Y7 
tPHL 


ie) 
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Clock Enable to CP 


> 
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A, B, C, POL to CP 


wae? 
NOTN 


t 
OE to Yo = Y7 


oO 
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OE to Yo = Y7 


oe] = 
NIN 
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a} NA iN 
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Set-up Time, Clear Recovery to CP 


Clock 
Pulse Width ; 
Clear 


“AC performance over the operating temperature range is guaranteed by testing defined in Group A, Subgroup 9. 
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Am25LS2536 


FUNCTION TABLE 


internal 
Registers Three-State Outputs 


[“wode | 68 A POL CF CLA G+ OF cr | a Op On por | Yo Yi Y2 Ys Va Ys Yo Y7 | 
Xx X X X X fz. °K L LoL L H H H H H H H H 
aa XK OX xX L HL X L LoL L L H H H H H H H 
Select LLL H L H H Lt L LoL H Be SES ES Ae ERS 
L LH H L H H L tt L L oH H L H LLL LE LL 
L HL H L H H L t L H oL H L cL H L EL Lek 
L HH 4H L H H L ft L H H H L kL LH EL LL 
HLL H Lk H H L tft H LoL H bE. “be “4. 2. GAY Bee 2B 
H LH H L H H L tft H L oH H L tL cL LL H LoL 
HHL H L H H L H H oL H ie A ee Bs 2 ee AE 
H HH H L H H L tft H H H H L tL bbwetbtL LL 4H 
LbeLL OL L H H L ft L LOL L L H H H -H H HH 
L LHL L H H LL ft L L oH L H LH H H H HH 
LHL OL L H H L t L H oL ie H H tL H H H H H 
L HH L L H H L Tt L H H bE H H H L H H HH 
HELL L E H H LL Tt H LoL L H H H H tL H H 4H 
HLH L L HH H -L Tt H L oH L H H H H H L HH 
HHL L L H H LL tf H H oL L H H H H H H LH 
H HH L L H H tL Tt H H H L H H H H H H HL 
xX X X H L H L L~ Xx xX xX H bh t& bk & & & £ 
x Oe ee if H -bL LL ? X xX xX L H H H H H H H H 


Output 
Disable 


NC = No Change X = Don’t Care Z = High-I|mpedance t = Low-to-High Transition 


DEFINITION OF TERMS Metallization and Pad Layout 

CLR CLEAR — When the CLEAR input is LOW, the control 
register outputs (Qa, Qg, Qc, Apo.) are set LOW. 
regardless of any other inputs. 


CP CLOCK — Enters data into the control register on the 
LOW-to-HIGH transition. 


CE CLOCK ENABLE — Allows data to enter the control 
register when CE is LOW. When CE is HIGH, the Q; 
outputs do not change state, regardless of data or 
clock input transitions. 


A,B,C Inputs to the control register which are entered on 
the LOW-to-HIGH clock transition if CE is LOW. 


POL Input to the control register bit used for determin- 
ing the polarity of the selected output. 


G, Active LOW part of the expression G = G;G2 lorG = 
(G;) Go| where G is either data input for the selected 
Y, or is used as an input enable. 


Go Active HIGH part of the expression G = G;Go. 


Y, The three-state outputs. When active (OE = LOW), 
one of eight outputs is selected by the code stored in 
the control register, with the polarity of all eight 
determined by the bit stored in the POL flip-flop of 
the control register. The selected output can further 
be controlled by G according to the expression 
YsececteD = G ® Qpot. 


OE OUTPUT ENABLE. When OE is HIGH the Y, outputs 
are in the high impedance state; when OE is LOW 
the Y,’s are in their active state as determined by the 
other control logic. The OE input affects the Y,, out- 
put buffers only and has no effect on the control 

register or any other logic. 


DIE SIZE 0.084" X 0.099” 


3-246 


Am25LS2537 


One-Of-Ten Decoder With Three-State Outputs And Polarity Control 


DISTINCTIVE CHARACTERISTICS FUNCTIONAL DESCRIPTION 


The Am25LS2537 is a demultiplexer/one-of-ten decoder that 
accepts four active high BCD inputs and selects one-of-ten 
mutually exclusive outputs. The device features three-state 
outputs as well as a buffered common polarity control such 
that the outputs are mutually exclusive active-low or mutually 
exclusive active-high. The logic design of the Am25LS2537 
ensures that all outputs are unselected when the binary codes 
greater than nine are applied to the inputs. The inputs A, B, 
C, and D of the Am25LS2537 correspond to the respective 
binary weight of 1, 2, 4, and 8. 


Three-state outputs 
Separate output polarity control 

Inverting and non-inverting enable inputs 

Does not respond to codes above nine 

A.C. parameters specified over operating temperature and 
power supply ranges 

100% product assurance screening to MIL-STD-883 
requirements 


The output enable (OE) input controls the three-state outputs. 
When the OE input is HIGH, the outputs are in the high im- 
pedance state. When the OE input is LOW, the outputs are 
enabled. The polarity (POL) input is used to drive the Y out- 
puts to either the active-HIGH state or the active-LOW state. 


LOGIC DIAGRAM 


| Jo ods e When the POL input is LOW, the outputs are active-HIGH. 
D> ° When the POL input is HIGH, the Y outputs are active-LOW. 
We The device features one active-HIGH and one active-LOW 
——— = enable input which can be used for gating the decoder or can 
— > MA be used with incoming data for demultiplexing applications. 
Pil ad The Am25LS2537 is packaged in a space saving (0.3-inch row 
————=— spacing) 20-pin package. The device also features Am25LS 
=a > Y2 family faster switching specifications, higher noise margin, 
s a and twice the fan-out over the military temperature range 
+ 4+ when compared with Am54LS/74LS devices. 
aes ES a meee 
ae Bae . > “3 
Bitiining = LOGIC SYMBOL 
Dititaae S % 6 7 16 17 
: oi 
ica Boat 
ay as 
eae I 
Li “o 
>} $+ 19 18 8 9 11 12 13 
. > Y7 
TAR Led eta 
GND = Pin 10 
ee SS SO Ga 
a Oa SS pe! 
ie = 
ai a a a ey Gee 
CE Bee es Se 
ol ae ee > Y9 
- Es 
(N | LZ , (\ a 


Note: Pin 1 is marked for orientation. 
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ELECTRICAL CHARACTERISTICS 

The Following Conditions Apply Unless Otherwise Specified: 

COM'L =T, =0°C to +70°C Vec =5.0V 45% MIN. =4.75V MAX. =5.25V 
MIL =Ta=—S55°Cto+125°C =9Vec =5.0V 410% MIN. =4.50V MAX. =5.50V 


DC CHARACTERISTICS OVER OPERATING RANGE Typ. 


Parameters Description Test Conditions (Note 1) Min. (Note 2) Max. Units 


Vec = MIN. MIL, lo = —1.0mA 
VOH Output HIGH Voltage i aie V 
IN = Vin oF VIL COM'L, IoH = —2.6mA 2.4 


Volts 


N 
ms 
Ned 
hs 


3.4 


Input HIGH Level Guaranteed input logical HiGH 
voltage for all inputs 
i MIL 
Input LOW Level oneal as pia LOW 
voltage inputs COM'L 
Voc = MIN., lin = —18MA 
Vec = MAX., Ving = 0.4V 
Vec = MAX., Vin = 2.7V 
Vcc = MAX., Vin = 7.0V 
' Off-State (High-l mpedance) Vcc = MAX Vo = 0.4V 
02 Output Current Vo =2.4V 
Isc Output Short Circuit Current Vcc = MAX. 15 
(Note 3) 
Power Supply Current a 
\ = MAX. 
ec (Note 4) Veer Mas 


Notes: 1. For conditions shown as MIN. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type. 
2. Typical limits are at Voc = 5.0V, 25°C ambient and maximum loading. 
3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 
4 
5 


Vcc = MIN. 
Vin = Vin Of VIL 


Output LOW Voltage 
(Note 5) 


0.45 Volts 


a 
on 


Volts 


roo) 


j=) 
~ 


Volts 


—1.5 Volts 


—0.36 


% 
> 


ele 

co) 

BE 
> 


3 


| 
3 sh 
3 = 


ee 

oO 

5 
> 


_ Test conditions: A = B = C = D = E1 = GND; E2 = POL = OF = 4.5V. 
. Vox is specified with total device Io, = 60MA (max.). 


MAXIMUM RATINGS (Above which the useful life may be impaired) 


hak Lal ala ht cn SS - 


Storage Temperature —65°C to +150°C 
Temperature (Ambient) Under Bias —55°C to +125°C 
Supply Voltage to Ground Potential Continuous —0.5V to +7.0V 
DC Voltage Applied to Outputs for High Output State —0.5V to +Vcc max. 
DC Input Voltage —0.5V to+7.0V 
DC Output Current, Into Outputs 30mA 
DC Input Current —30mA to +5.0mA 


ae Oe 
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SWITCHING CHARACTERISTICS 
(Ta = +25°C, Vcc = 5.0V) 


Parameters Description Min. Typ. Max. Units Test Conditions 
a ee 
ns 
a A ea SS 
: ae) (GeO | a RT 
3 ns 
tp = oe eS ee 
ae ns 
ee ee ee ee ee 
ee ee ee ee 
poe: i 
eee ee ee 
= ee ee 
ZH E Control to Y; ns 
per | a 
en: SE: eae ee 
ns 
ee ee ee ee 


tL2Z 


SWITCHING CHARACTERISTICS 
OVER OPERATING RANGE* 


Am25LS COM’L 


Ta =0 C to +70°C 
Vcc = 5.0V + 5% 


Am25LS MIL 


Ta = —55°C to +125°C 
Vcc = 5.0V + 10% 


Min. Max. 


Parameters Description Units Test Conditions 


[Ten 


= aera 
ay 
area 

aa ae a ET 
POL to Y, 
ae ae ee eee 

= eRe CP ee 
OE Control to Yj 
SUE ee ee Mire ene 
- oe 

OE Control to Yj 


*AC performance over the operating temperature range is guaranteed by testing defined in Group A, Subgroup 9. 


A,B,C, D to Y; 
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FUNCTION 


Active-H!GH Output 


Active-LOW Output 
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DEFINITION OF FUNCTIONAL TERMS 
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C,D To select inputs to the decoder. 


A,B, 


When the polarity control is HIGH, the outputs 


are active-LOW. When the POL input is LOW, 


the outputs are active-HIGH. 


-LOW enable input. A HIGH on the E1 


input inhibits the decoder function regardless of 


any other inputs. 


The active 


Output Enable. An active-LOW three-state control 


used to enable the outputs. A HIGH level input 
forces the output to the high impedance (off) 


-HIGH enable input. A LOW on the E2 
input forces all the decoder functions to the 


inactive state regardless of any other inputs. 


The active 


Decoder outputs. The ten outputs of the decoder. 
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Amer Metallization and Pad Layout 
LOW-POWER SCHOTTKY INPUT/OUTPUT 


CURRENT INTERFACE CONDITIONS 


DRIVING OUTPUT DRIVEN INPUT 


DIE SIZE 0.081" X 0.096” 


Note: Actual current flow direction shown. 


APPLICATIONS 


POL Am25LS2537 POL Am251S2537 OE 


Yo Y1 Yo Y3 Ya Ys Yg Y7 Yg Yo Yo Y1 Y2 Y3 Ya Ys Ye Y7 Yg Yo 


11.12 13 14 16 16 17 18 19 20 


POLARITY 


One-of-Twenty Decoder with Active-High or Active-Low Output Polarity. 
Could be used for 1/0 Decoding in an Am9080A system. 


THUMB-WHEEL 
SWITCH 


Am251.$2537 


POLARITY 
CONTROL 


BCD to Decimal (One-of-Ten) Decoder. 
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Am25LS2538 — 


One-of-Eight Decoder 
With Three-State Outputs And Polarity Control 


DISTINCTIVE CHARACTERISTICS 


Three-state decoder outputs 
Buffered common output polarity control 

Inverting and non-inverting enable inputs 

A. C. parameters specified over operating temperature and 
power supply ranges 

100% product assurance screening to MIL-STD-883 
requirements 


3 
ennai | 
E 


POL 
POLARITY po 


OUTPUT 
CONTROL 


CONNECTION DIAGRAM 
Top View 


Y3 Ez Ey 


E9 


6 
i 
A 


Note: Pin 1 is marked for orientation. 
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LOGIC DIAGRAM 
One-of-Eight Decoder 


GUIALS % = sewed e, 


FUNCTIONAL DESCRIPTION 


The Am25LS2538 is a three-line to eight-line decoder/ 
demultiplexer fabricated using advanced Low-Power Schottky 
technology. The decoder has three buffered select inputs— 
A, B, and C—that are decoded to one-of-eight Y outputs. Two 
active-HIGH and two active-LOW enables can be used for 
gating the decoder or can be used with incoming data for 
demultiplexing applications. 


A separate polarity (POL) input can be used to force the 
function active-HIGH or active-LOW at the output. Two 
separate active-LOW output enables (OE) inputs are provided. 
If either OE input is HIGH, the output is in the high impedance 
(off) state. When the POL input is LOW, the Y outputs are 
active-HIGH and when the POL input is HIGH, the Y outputs 
are active-LOW. 


The device is packaged in a space saving (0.3-inch row 
spacing) 20-pin package. It also features Am25LS family 
improved switching specifications, higher noise margin, and 
twice the fan-out over the military temperature range when 
compared with Am54LS/74LS devices. 


LOGIC SYMBOL 


12 6 


Of2 Yo Y1 Yo Y3 Ya Y5 Ye Y7 


3.92 1 19 18 8 9 11 
Vec = Pin 20 
GND = Pin 10 


Am25LS82538 


ELECTRICAL CHARACTERISTICS 
The Following Conditions Apply Unless Otherwise Specified: 


COM’L Ta, =0°C to +70°C Voc =5.0V +5%  MIN.=4.75V MAX. =5.25V 
MIL Ta =—-55°Cto+125°C =9Vec =5.0V 410% MIN.=4.50V MAX. =5.50V 


DC CHARACTERISTICS OVER OPERATING RANGE Typ. 


Parameters Description Test Conditions (Note 1) Min. (Note 2) Max. Units 


Vcc = MIN. loy = —1.0mA (MIL) 2.4 3.4 sic 
VIN = ViH or VL IOH = —2.6mA (COM'L) 24 


lo, =4.0mA 
Oaeuin 
lo, =8.0mA 045 | Volts 


lop =12mA 
Volts 


Output HIGH Voltage 


Wo 
Ss 
jo) 
ol 


Output LOW Voltage 
(Note 5) 


Input HIGH Level 
vi | tpietom tet 


Input Clamp Voltage 
Input LOW Current Vcc = MAX., Vin = 0.4V 
Input HIGH Current Vcc = MAX., Vin = 2.7V 
co Input HIGH Current Vcc = MAX.,, Vin = 7.0V 

| Off-State (High-l mpedance) Voc = MAX. Vo = 0.4V 

OZ Output Current Vo =2.4V 
ea Circuit Current Vcc = MAX. 45 
Power Supply Current a 


Notes: 1. For conditions shown as MIN. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type. 
. Typical limits are at Vcc = 5.0 V, 25°C ambient and maximum loading. 

. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 

. Test conditions: A = B =C = E, = Ey = GND: Eg = Eq = POL = OF = OF = 4 5V. 

VoLt is specified with total device Io, = 6O0MA (max.). 


VIN = VIH Or ViL 


Guaranteed input logical HIGH 
voltage for all inputs 


0.7 


COM’L 


Guaranteed input logical LOW 
voltage for all inputs 


N 
Oo 


> > 


Vec = MIN., tin, = —18MA Volts | 


—0.36 mA 


‘= 
> 


o 
ss 

3 

> 


NO 
oO 


Nb 
=) 
:~ 
> 


ale 


ORWN 


MAXIMUM RATINGS (Above which the useful life may be impaired) 


Storage Temperature —65°C to +150°C 
Temperature (Ambient) Under Bias —55°C to +125°C 
Supply Voltage to Ground Potential Continuous —0.5V to+7.0V 
DC Voltage Applied to Outputs for High Output State —0.5V to +Vcc max. 
DC Input Voltage —0.5V to +7.0V 
DC Output Current, Into Outputs 30mA 
DC Input Current —30mA to +5.0mA 
eee TMA 10 F9.0MA 


3-253 


Am25L$2538 


SWITCHING CHARACTERISTICS 
(Ta = +25°C, Vcc = 5.0V) 


Parameters Description Min. Typ. Max. Units Test Conditions 


Cy = 15pF 
a Meg 2.0kQ2 


tLZ 


SWITCHING CHARACTERISTICS 
OVER OPERATING RANGE* 


Am25LS COM’L 


Ta =0 Cto+70°C 
Vcc =5.0V + 5% 


Min. Max. 


Am25LS MIL 


Ta =—55 C to +125°C 
Vcc = 5.0V + 10% 


Parameters Description Units Test Conditions 


*AC performance over the operating temperature range is guaranteed by testing defined in Group A, Subgroup 9. 


Am25LS Metallization and Pad Layout 
LOW-POWER SCHOTTKY INPUT/OUTPUT 
CURRENT INTERFACE CONDITIONS 


Yo Vec 
‘4 Y3 
DRIVING OUTPUT DRIVEN INPUT 
Yo Ya 
OE Cc 
OED Ey 
A ES 
B 
E3 
Ys Eq 
Y6 POL 
GND Y7 


Note: Actual current flow direction shown. DIE SIZE 0.081" X 0.096” 
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DEFINITION OF FUNCTIONAL TERMS 


A,B, C,D 


E41, E2 


E3, Eq 


The three select inputs to the decoder/de- 
multiplexer. 


The active LOW enable inputs. A HIGH on 
either the E1 or E9 input forces all decoded 
functions to be disabled. 
The active LOW enable inputs. A LOW on 
either E3 or Eq inputs forces all the decoded 
functions to be inhibited. 


Polarity Control. A LOW on the polarity con- 


FUNCTION TABLE 


FUNCTION 


High Impedance 


Active-H!1GH Output 


Active-LOW Output 


px] > | 


trol input forces the output to the active-HIGH 
state while a HIGH on the polarity control 
input forces the Y outputs to the active-LOW 
State. 


Output Enable. When both the OE, and OE 


inputs are LOW, the Y outputs are enabled. If 
either OE, or. OE» input is HIGH, the Y out- 
puts are in the high impedance state. 


The eight outputs for the decoder/demultiplexer. 


en st 
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Xx 
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Xx 
Xx 
L 
L 
L 
Ls 
H 
H 
H 
H 
L 
E 
L 
L 
H 
H 
H 
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H = HIGH L= LOW X = Don’t Care Z = High Impedance 
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APPLICATIONS 


0-7 8-15 16-23 24-31 


One-of-thirty two decoder without additional decoding devices. 
Can be used for I/O decoding in an Am9080A system. 


FROM 
MICROPROGRAM MEMORY 
LTT, 


POL A B Cc D 


fa ee a 
evsses{ TP 


Am25LS$2538 


4 Yq NOs Vg Sha Yes, 6 NG i 


fo fh fe fe de Ts fo 


Am25LS2538 


Oo? O18, a NG ee hy 


pee tea ae ae curt 


CONTROL 
10 411 12 113 15 


16-B!IT DATA BUS 


Am2901 
MICROPROCESSOR 
ARRAY 


DATA 
INPUT 


Two Am25LS2538s can be used to perform a one-of-sixteen-bit mask function or a one-of-sixteen-bit 
select function to perform bit manipulation in a microprocessor system. 


Examples: 


9 10111213 14 15 Function 
Bit Select 
Bit Select 
Bit Mask 


Bit Mask 


3-256 


Am25LS2539 


Dual One-Of-Four Decoder With Three-State Outputs And Polarity Control 


FUNCTIONAL DESCRIPTION 


The Am25LS2539 is a dual two-line to four-line decoder/ 
demultiplexer fabricated using advanced Low-Power Schottky 
technology. Each decoder, has two buffered select inputs— 
A and B which are decoded to one-of-four Y outputs. An 
enable input (E) is used for gating or can be used as a data 
input for demultiplexing applications. When the enable input 
goes HIGH, all four decoder functions are inhibited. 


DISTINCTIVE CHARACTERISTICS 


@ Two independent decoders/demultiplexers 

@ Three-state outputs 

® Buffered common polarity control 

@ A. C. parameters specified over operating temperature and 
power supply ranges 

@ 100% product assurance screening to MIL-STD-883 

requirements 


An output enable (OE) input is used to control the three- 
state outputs of the device. When the OE input is LOW, the 
outputs are enabled. When the OE input is HIGH, the outputs 
are in the high impedance (off) state. The device also has 
separate buffered polarity (POL) inputs to force the outputs 
to either an active-HIGH state or an active-LOW state. When 
the POL input is LOW, the outputs are active-HIGH and when 
the POL input is HIGH, the outputs are active-LOW. The 
device is packaged in a space saving (0.3 inch row spacing) 
20-pin package. The device features Am25LS family improved 
switching specification, higher noise margin, and twice the 
fan-out over the military temperature range when compared 
with Am54LS/74LS devices. 


LOGIC SYMBOLS 


LOGIC DIAGRAM 


Vcc = Pin 20 
GND = Pin 10 


CONNECTION DIAGRAM 


TOE 1POL 1Yg 1Y17 


2Yo 2POL 20E 1¥3. 1Y2 GND 


Note: Pin 1 is marked for orientation. 


3-257 


Am25LS2539 


ELECTRICAL CHARACTERISTICS 
The Following Conditions Apply Unless Otherwise Specified: 


COM’L Tp =0°C to +70°C Vec = 5.0V #5% MIN. =4.75V MAX. =5.25V 
MIL Ta =—55°C to +128°C = Vee = 5.0V 410% MIN. =4.50V MAX. =5.50V 


DC CHARACTERISTICS OVER OPERATING RANGE Typ. 


Parameters Description Test Conditions (Note 1) Min. (Note 2) Max. Units 


Vec = MIN. MIL, !1QH = —1.0mA 
Vin = Vin of Vii 


COM'L, oH = —2.6mMA 2.4 
| =4,0mA 
Voc = MIN. 
Vin = Vin or Vi lot =8.0mA 
loL = 12mA 


Guaranteed input logical HIGH 
voltage for all inputs 


Output HIGH Voltage Volts 


N 
f 


w | oo 
|S 
oO 


Output LOW Voltage 
(Note 5) 


Volts 


© 
o 


Volts 


MIL 
COM'L 


o 
NI 


Volts 


ad 
oO 


Volts 


—0.36 


Bil 
> 


Voc = MAX., Vin = 2.7V 


Vcc = MAX., Vin = 7.0V 


Off-State (High-Il mpedance) Vcc = MAX. Vo =0.4V 
OZ Output Current Vo =2.4V 
SC Output Short Circuit Current Vcc = MAX. =e 
(Note 3) 
Power Supply Current us 
i Vcc = MAX. 


1. For conditions shown as MIN. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type. 
2. Typical limits are at Voc = 5.0V, 25°C ambient and maximum loading. 

3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 

4 

5 


jefe 
© 

‘= 
ape 


‘= 
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wo ae ae 
~“ om |Plo 
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> > 


. Test conditions: A = B = E = GND; POL = OF = 4.5V. 
. VoL is specified with total device lo, = 60MA (max.). 


MAXIMUM RATINGS (Above which the useful life may be impaired) 
Storage Temperature —65°C to +150°C 


SOT age Te ee 


Temperature (Ambient) Under Bias —55°C to +125°C 


ee dete eee eee 


Supply Voltage to Ground Potential Continuous —0.5V to +7.0V 
DC Voltage Applied to Outputs for High Output State —0.5V to +Vcc max. 
DC Input Voltage —0.5V to +7.0V 


ee eee ee 


DC Output Current, Into Outputs 30mA 


ee ee eee A 


DC Input Current —30mA to +5.0mA 


ae een 
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SWITCHING CHARACTERISTICS 
(Ta = +25°C, Vcc = 5.0V) 


Parameters Description Min. Typ. Max. Units Test Conditions 


SWITCHING CHARACTERISTICS 
OVER OPERATING RANGE* 


Am25LS COM’L Am25LS MIL 


Ta = —55°C to +125°C 
Vcc = 5.0V + 10% 


Ta =0°C to +70°C 
Vcc = 5.0V + 5% 


Parameters Description Units Test Conditions 


*AC performance over the operating temperature range is guaranteed by testing defined in Group A, Subgroup 9. 


Am25LS @ Am54LS/74LS 
LOW-POWER SCHOTTKY INPUT/OUTPUT 
CURRENT INTERFACE CONDITIONS 


DRIVING OUTPUT DRIVEN INPUT 


oH | Me 


| 
| 
| 
| 
| 
=| 
| li 
| 
| 
| 
| 


Note: Actual current flow direction shown. 
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FUNCTION TABLE 


DEFINITION OF FUNCTIONAL TERMS 


A, B Select the two select inputs to the decoder/ Outputs 
demultiplexer. 
E Enable The enable input to the decoder. A HIGH 


input forces the decoding functions to be 
inhibited regardless of the A and B inputs. 

POL Polarity Input. The polarity input forces the 
outputs either an active-HIGH state or an 
active-LOW state. A LOW on the polarity 
input forces the output active-HIGH. A 
HIGH on the polarity input forces the 
outputs active-LOW. 

OE Output Enable. A LOW on the OE input 
enables the outputs. A HIGH on the OE 
inputs forces the outputs to the high im- 
pedance (off) state. 


The four decoder/demultiplexer outputs. 


Active-High 
Output 


Active-Low 
Output 


Zrii tyr re 
Zrmdreirtjerers 
rr tt Lye ctr 
rrorrTrore er 


H = HIGH X = Don’t Care 
L= LOW Z = High Impedance 


Metallization and Pad Layout 


gan 
Ue AF al 
tas By Jee cage 


ee 

7 73 
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iz 
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DIE SIZE 0.081" X 0.096” 
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ORDERING INFORMATION 


Package Temperature Order 
Type Range Number 
es 
Molded DIP 0°C to +70°C AM25LS2539PC 


Hermetic DIP 0°C to +70°C AM25LS2539DC 
Dice O°C to +70°C AM25LS2539XC 
Hermetic DIP —55°C to +125°C AM25LS2539DM 
Hermetic Flat Pak —55°C to +125°C AM25LS2539FM 
Dice —55°C to +125°C AM25LS2539XM 


APPLICATIONS 


CLOCK Am25LS163 


Q2 


1/2 Am25LS2539 —- 1POL 1/2 Am25LS2539_ 2POL H 


FOUR PHASE CLOCK GENERATOR 
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DISTINCTIVE CHARACTERISTICS 


Am25L3S2568 + 


Am25LS2569 


Four-Bit Up/Down Counters With Three-State Outputs 


4-bit synchronous counter, synchronously programmable 
Both synchronous and asynchronous clear inputs 
Three-state counter outputs interface directly with bus 
organized systems 

Internal look-ahead carry logic and two count enable lines 
for high speed cascaded operation 

Ripple carry output for cascading 

Clock carry output for convenient modulo configuration 
Fully buffered outputs 

Second sourced as the 54LS/74LS568 and LS569 
Advanced low-power Schottky technology 

100% product assurance screening to MIL-STD-883 
requirements 


LOGIC DIAGRAMS 
Am25LS2568 


ty act 
cep QP 


DS 


oll 
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FUNCTIONAL DESCRIPTION 


The Am25LS2568 and Am25LS2569 are programmable up/ 
down BCD and Binary counters respectively with three- 
state outputs for bus organized systems. All functions except 
output enable (OE) and asynchronous clear (ACLR) occur on 
the positive edge of the clock input (CP). 


With the LOAD input LOW, the outputs will be programmed 
by the parallel data inputs (A, B, C, D) on the next clock edge. 
Counting is enabled only when CEP and CET are LOW and 
LOAD is HIGH. The up-down input (U/D) controls the direc- 
tion of count, HIGH counts up and LOW counts down. In- 
ternal look-ahead carry logic and an active LOW ripple carry 
output (RCO) allows for high-speed counting and cascading. 
During up-count, the RCO is LOW at binary 9 for the 
LS2568 (binary 15 for the LS2569) and upon down-count, 
it is LOW at binary 0. Normal cascaded operations requires 
only the RCO to be connected to the succeeding block at CET. 
When counting, the clocked carry output (CCO) provides a 
HIGH-LOW-HIGH pulse for a duration equal to the LOW time 
of the clock pulse and only when RCO is LOW. Two active 
LOW reset lines are available, synchronous clear (SCLR) and 
a master reset asynchronous clear (ACLR). The output control 
(OE) input forces the counter output into the high imepdance 
state when HIGH and when LOW, the counter outputs are 
enabled. 


LOGIC SYMBOL 


Vec = Pin 20 
GND = Pin 10 


CONNECTION DIAGRAM 
Top View 


Voc RCO CCO GE Ya Yg Yo Yp CET LOAD 


Note: Pin 1 is marked for orientation. 


Am25LS2568 « Am25LS2569 


ELECTRICAL CHARACTERISTICS 
The Following Conditions Apply Unless Otherwise Specified: 


COM’L Typ =0°Cto+70°C Voc = 5.0V 15% MIN. =4.75V MAX. =5.25V 

MIL Ta = —55°C to +125°C 3=—§ Vee = 5.0 10% MIN.=4.50V MAX. =5.50V 

DC CHARACTERISTICS OVER OPERATING RANGE Typ 

Parameters Description Test Conditions (Note 1) M (Note 2) Max. Units 


Gs 
#-S 


OO 
NO 


Output HIGH Voltage Volts 


in 
A 
4 
5 
A 


MIL, !oy =—1.0mA 
Yj 
COM'L, Igy = —2.6mA 
2 


Ww 
BSS 


VIN = Viy or V 
ie ee Se Io, = 8.0mA 


Guaranteed input logical HIGH 
| HIGH Level j 
Vib lnputLOw Level Guaranteed input logical LOW | MIL 
voltage for all inputs COM'L ar, 


Output LOW Voltage Volts 


jo) 
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Volts 


Volts 


Volts 
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Input HIGH Current 
Input HIGH Current 


Off-State (High-lmpedance) 
Output Current 


| 
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Output Short Circuit Current 
(Note 3) 
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Notes: 1. For conditions shown as MIN. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type. 
- Typical limits are at Voc = 5.0V, 25°C ambient and maximum loading. 

. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 

. OE= HIGH, all other inputs = GND, all outputs open, 


&ON 


MAXIMUM RATINGS (Above which the useful life may be impaired) 


Storage Temperature —65°C to +150°C 
Temperature (Ambient) Under Bias —55°C to +125°C 
Supply Voltage to Ground Potential Continuous —0.5V to +7.0V 
DC Voltage Applied to Outputs for High Output State —0.5V to +Vcc max. 
DC Input Voltage —0.5V to +7.0V 
DC Output Current, Into Outputs 30mA 
DC Input Current —30mA to +5.0mA 
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Am25LS2568 ¢ Am25LS2569 


‘SWITCHING CHARACTERISTICS 
(Ta = +25°C, Vcc = 5.0V) 


Parameters Description Min. Typ. Max. Units Test Conditions 


ee Facets Mr, ek (Ee 


tPLH 
tPHL 
tPLH 
tPHL 
tPLH 
tPHL 
tPLH 
tPHL 
tPLH 
tPHL 


Clock to Any Q; Load = HIGH 


Cc Ri 
wy, 

O| 4 
3 3 

a} 3 
e) ra) 
Oo Oo 


Clock to RCO 


t eee ee ee 
PLH Clock to CCO 0 15 
tPHL i eek Se ee ee 
t a ie a ast die Ok ed 
CET or CEP to CCO es 
ear 
t CLE ee 2. 
ACLR to Any Q NA. N.A. ae 
eee 
CS a a a aR 
SCLR ee ee ee er 
aad Se Taek me! Se 
cer,cep =| eti(‘iE:ti ‘(TC 
eae PR 


f max 
Clock Pulse Width 


N 
oO 


Maximum Clock Frequency (Note 1) 


tPZH 


O 


E to Any Q; Enable 


t ae 
E to Any Q; Disable 


Note 1. Per industry convention, fmax is the worst case value of the maximum device operating frequency with no constraints on try, tf, 
pulse width or duty cycle. 


FUNCTION TABLE 


OUTPUTS 
CEP | ViD- ACLR | SCLR OE | RCO | cco | Yon Yo Yep Ya FUNCTION 
L H 


L AIR AJR (Q7 — CP) +1 Count up 
A/R AIR (Q; — CP) — 1 
H NC NC NC 
AIR NC NC NC 


Count Down 


Count Inhibit 
Count Inhibit 

(Q; — CP) = Output state prior to clock edge A/JR = Assumes required output state; X = Don’t care 

NC = No change High except during Overflow and Underflow 


fr 
o 
> 
> 


z2 
ao 


Overflow (LS2569) 
Overflow (LS2569) 
Overflow (LS2568) 
Overflow (LS2568) 
Overflow Inhibit (LS2569) 
Overfiow Inhibit (LS2568) 
Underflow 
Underflow 
Underflow Inhibit 


Load Example 
Clear (Synchronous) 
Clear (Synchronous) 
Clear (Synchronous) 
Clear (Synchronous) 
Asynchronous Clear 
Asynchronous Clear 
Asynchronous Clear 
Asynchronous Clear 
Output Disabled 


xMxMOEexMOoerMM KE KK Ee oe oIKe 
Kemer Deere cx rrr TIT IIrTT K Ker 
DTeomrrrerrrer| rrr rrr creole 
xrrPArrirPpr. rrPrrrPr,e xr 
mmmmrrerer el omer er Trt Trt TtSt 
mmm mm emo er timer rer tere cs 
mmm rr errer er rmrer er reer cs 
mrommrermermr firmer rer TTT TITtTt 


«> KKK OK] KK OK OK OK OK OK OK OK 
MrerrrrcrrrTrirTtTt 
M@Orrertrorrrrzrmrreiarteerer 


<x@mtrrexcKirexK xX 
Kx «<M Mer Ore 
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Am25LS2568 @ Am25LS2569 


SWITCHING CHARACTERISTICS 
OVER OPERATING RANGE* 


Am25LS MIL 


Ta =0°Cto+70°C Ta =—55 Cto+125°C 
Vcc = 5.0V +5% Vcc = 5.0V +10% 


Min. Max. Min. Max. 


Am25LS COM’L 


Units Test Conditions 


Parameters Description 


Clock to Any Q; Load = LOW 
Clock to Any Q; Load = HIGH 
PHL 
ET to RCO 
| tPHL 


WIN 
G1} NO 


a | od 
ne) 


WwW 
on 


N 
NO 
aS 


WI WIN TR 
w Q 1h 
E 

n 


i 


U/D to RCO 


Clock to RCO 


Clock to CCO 


poi 
Oe i 


faa 
5 
r 
: 
i 
m 
os | 
= 
y 


or CEP to CCO 


t 


oe) 
~ 


w 

ra 
pizja 
ol p| a 


12) 
oO 


3 


i<e) 


te ol SCLR Recovery (inactive) to Clock 
Data Hold 

Maximum Clock Frequency (Note 1) 
| tpw | Clock Pulse Width 


t == 
ZH E to Any Q; Enable 


: ; 
wn ”n 


n 
[qe] 
od 
Cc 
| 
Of] C} CI wi} > 
Mi} }] OF O]]- 
yj Ol Stl rey] wo 
- Dij~ 
mi QO 
- A, 
v oO 
Ww wlrntin 
@® oO} ao] a 
es 
nl o 
«| 
wn 


s 
= 
N 


NO 
oO 
~~ 
a a” a 


N 
oO 
p=) 


Orn N 
5 


N 
W 
o 


Cy = 5.0pF 


E to Any Q; Disable 
Rie = 2.0k2 


Ww 
Oo 


ml 
re 


*AC performance-ever the operating temperature range is guaranteed by testing defined in Group A, Subgroup 9. 
N.A. not applicable. 


Metallization and Pad Layouts 


Am25LS82568 Am25LS2569 


3) 


“a 


i 


hs 


° 
a 


DIE SIZE 0.087” X 0.103” DIE SIZE 0.087” X 0.103” 
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A, B,C, D 
CEP 


cP 


LOAD 


U/D 


DEFINITION OF FUNCTIONAL TERMS 


The four programmable data inputs. 


Count Enable Parallel. Can be used to 
enable and inhibit counting in high speed 
cascaded operation. CEP must be LOW to 
count. 


Count Enable Trickle. Enables the ripple 
carry output for cascaded operation. Must 
be LOW to count. 


Clock Pulse. All synchronous functions 
occur on the LOW-to-HIGH transition of 
the clock. 


Enables parallel load of counter outputs 
from data inputs on the next clock edge. 
Must be HIGH to count. 


Up/Down Count Control. HIGH counts up 
and LOW counts down. 


Am25LS 


ACLR 


cco 


Am25LS2568 * Am25LS2569 


Asynchronous Clear. Master reset of 
counters to zero when ACLR is LOW, 
independent of the clock. 


Synchronous clear of counters to zero on 
the next clock edge when SCLR is LOW. 


A HIGH on the output control sets the 
four counter outputs in the high imped- 
ance, and a LOW, enables the output. 


The four counter outputs. 


Ripple Carry Output. Output will be LOW 
on the maximum count on up-count. Upon 
down-count, RCO is LOW at 0000. 


Clock Carry Output. While counting and 
RCO is LOW, CCO will follow the clock 
HIGH-LOW-HIGH transition. 


LOW-POWER SCHOTTKY INPUT/OUTPUT 


RCO, CCO 
DRIVING OUTPUT 


Note: Actual current flow direction shown. 


CURRENT INTERFACE CONDITIONS 


Yi 
DRIVING OUTPUT 
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DRIVEN INPUT 


Am25LS2568 e Am25LS2569 


Package 
Type 


Molded DIP 
Hermetic DIP 
Dice 
Hermetic DIP 
Hermetic Flat Pak 
Dice 


LOAD, U/D, COUNT, ACLR, OE 


iz 


Oy; LOAD 


CET 
Pe 


Oj CEP 


> 


Am25LS2569 


ORDERING INFORMATION 


Temperature 
Range 


0°C to +70°C 

0°C to +70°C 

0°C to +70°C 
—55°C to +125°C 
—55°C to +125°C 
—55°C to +125°C 


Am25LS2568 


Order 
Number 


AM25LS2568PC 

AM25LS2568DC 
AM25LS2568XC 
AM25LS2568DM 
AM25LS2568FM 
AM25LS2568XM 


APPLICATION 


> 
Am25LS2569 o 


LOAD, U/D, COUNT, 


Am25LS$2569 


Order 
Number 


AM25LS2569PC 

AM25LS2569DC 
AM25LS2569XC 
AM25LS2569DM 
AM25LS2569FM 
AM25LS2569XM 


MICROPROGRAMMABLE DUAL-EVENT 8-BIT COUNTERS 
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> 
Am25LS2569 | 


> 
| 


Am26LS829 


Quad Three-State Single Ended RS-423 Line Driver 


FUNCTIONAL DESCRIPTION 


The Am26LS29 is a quad single ended line driver, designed for 
digital data transmission. The Am26LS29 meets all the require- 


DISTINCTIVE CHARACTERISTICS 


e Four single ended line drivers in one package for maximum 
package density 


@ Output short-circuit protection ments of EIA Standard RS-423 and Federal STD 1030. It features 

@ Individual rise time control for each output four buffered outputs with high source and sink current, and 

@ 500 transmission line drive capability output short circuit protection. 

e@ High capacitive load drive capability A slew rate control pin allows the use of an external capacitor to 

@ Low lIcc and lee power consumption (26mW/driver typ.) control slew rate for suppression of near end cross talk to receiv- 

@ Meets all requirements of RS-423 ers in the cable. 

@ Three-state outputs for bus oriented systems 

© Outputs do not clamp line with power off or in hi-impedance The Am26LS29 has three-state outputs for bus oriented systems. 
state over entire transmission line voltage range of RS-423 The outputs in the hi-impedance state will not clamp the line over 

e Lowcurrent PNP inputs compatible with TTL, MOS and CMOS the transmission line voltage of RS-423. A typical full duplex 

@ Available in military and commercial temperature range system would use the Am26LS29 line driver and up to twelve 

@ Advanced low power Schottky processing Am26LS32 line receivers or an AM26LS32 line receiver and up to 

© 100% reliability assurance screening to MIL-STD-883 thirty-two Am26LS29 line drivers with only one enabled at a time 


The Am26LS29 is constructed using advanced low-power 
Schottky processing. 


LOGIC DIAGRAM 


SR CONTROL A 


INPUT A OUTPUT A 


SR CONTROL B 


INPUT B OUTPUT B 


SR CONTROL C 


INPUT C OUTPUT C 


SR CONTROL D 


INPUT D OUTPUT D 


Vec 
GROUND 


VEE 


ENABLE BLI-001 


ORDERING INFORMATION CONNECTION DIAGRAM 


Top View 


Package Temperature Order 16 [7] SLEW RATE 
CONTROL A 
iype nange uae. INPUTA] | 2 15 | | OUTPUT A 
Se Pace a Se 
Hermetic DIP —55°C to +125°C AM26LS29DM 
TB 
Hermetic Flat Pak  —55°C to +125°C | AM26LS29FM weureL ts yee 
Dice —55°C to +125°C AM26LS29XM ENABLE |_| 4 cio 13 |] conTROL B 
Hermetic DIP 0°C to +70°C AM26LS29DC ra eta 
Molded DIP 0°C to +70°C AM26LS29PC 


INPUTC { ]6 11 [| OUTPUT C 


Dice 0°c to + 70°C AM26LS29XC 


INPUTD | | 7 10 | | OUTPUT D 


SLEW RATE 
91} contRoL D 


Note: Pin 1 is marked for orientation. BL1-004 
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Am26LS29 


ABSOLUTE MAXIMUM RATINGS (Above which the useful life may be impaired) 
Storage Temperature | —65°C to +150°C 
Supply Voltage 

V+ 


7.0V 
a a ee a a ee 
V 


—7.0V 
Power Dissipation 600mW 
fnout Valacde © 9D SS 
Input Voltage —0.5 to +15.0V 
GB to +15.0V 
O 


utput Voltage (Power Off) | +15V 
Lead Soldering Temperature (10 seconds) 300°C 


ELECTRICAL CHARACTERISTICS over the operating temperature range 


The following conditions apply unless otherwise specified: 


Am26LS29XM (MIL) Ta =—55°Cto+125°C = Voc = 5.0V +5%, Veg = —5.0V +5% 
Am26LS29XC (COM’L) T, =0°C to +70°C Vcc =5.0V +5%, Veg = —5.0V +5% 


DC CHARACTERISTICS over the operating temperature range (Notes 1 and 2) 


Typ. 
Parameters Description Test Conditions Min. (Note 1) Max. Units 


Aces BARI) 0 Ne 
pecs) mee Se 
PVineaav [36 [at vores 
R_ = 4502 
PVin=04v [36 [41 [Sid ots 
rl Veol= Weel Fi = 460n a 
= 10V 
ae ee ee vecevereon NOTION 20 ioe 
x= Vo=-tov [| 20 | 100 
ai Cee (Fe (a 
Output Short Circuit Current Vo = OV m 
insoav [feo t80 «mad 
Ce. tl Positive Supply Current Vin =2.4V, RL =© ae fe. 


Off State (High Impedance) Voc = MAX. Mo TOV et eit. eee 


Low Level Input Voltage 


WH High Level Input Current 
Low Level Input Current VIN = 0.4V i cal 


N 
o 
‘= 
> 


‘= 
> 


= 
it 


AC CHARACTERISTICS 
Voc = 5.0V, Veg = —5.0V, Ta = 25°C 


Typ. 
Parameters Description Test Conditions Min. (Note 1) Max. Units 


Ri = 4500, Cy = 500pF, Fig. 1 a ee ae 
ee eT ee ea 


Prcamectose me fash 


Ru = 4500, C_ = 500pF, Cc = OpF | | 250 | 350 | 


Notes: 1. Typical limits are at Vcc = 5.0V, Veg = —5.0V, 25°C ambient and maximum loading. 
2. Symbols and definitions correspond to EIA RS-423 where applicable. 
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AMZOL0ZY 


SWITCHING TIME WAVEFORMS AND AC TEST CIRCUITS 


ty < 10ns 
OUTPUT 


BLI-007 


Slew Rate (Rise or Fall Time) 
Versus External Capacitor 


ELE 
in a a 
r me ae 
COCCI a 
CoCo 


1k 


RISE TIME — usec 


etl 
mas a 

mec cele 
SERRE 


10 100 1k 10k 


BLI-010 


TO OTHER 
THREE DRIVERS 


Peete 5S 

15 A OUT 
(11) ¢ OUT 

(10) 0 OUT 

bid Pe 
‘ 
og) 
ae : 


f™\ 
aS Ay 
7 Ds 
aie (4 
aes eae ee es ee 


2 AINPUT 
@ 

{6} C INPUT 

(7) 0 INPUT 


16 ASLEW 


(9) D SLEW BLI-011 
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Am26LS30 


Dual Differential RS-422 Party Line/Quad Single Ended RS-423 Line Driver 


FUNCTIONAL DESCRIPTION 


The Am26LS30 is a line driver designed for digital data transmis- 
sion. A mode control input provides a choice of operation either as 
two differential line drivers which meet all of the requirements of 
EIA Standard RS-422 or four independent single-ended RS-423 
line drivers. 


In the differential mode the outputs have individual three-state 
controis. In the hi-impedance state these outputs will not clamp 
the line over a common mode transmission line voltage of +10V. 
A typical full duplex system would be the Am26LS30 differential 
line driver and up to twelve Am26LS32 line receivers or an 
Am26LS32 line receiver and up to thirty-two Am26LS30 differen- 
tial drivers. 


DISTINCTIVE CHARACTERISTICS 


@ Dual RS-422 line driver or quad RS-423 line driver 
@ Driver outputs do not clamp line with power off or in 
hi-impedance state 
@ Individually three-state drivers when used in differential mode 
@ Low Icc¢ and leg power consumption 
RS-422 differential mode 35mW/driver typ. 
RS-423 single-ended mode 26mW/driver typ. 
@ Individual slew rate control for each output 
@ 50 transmission line drive capability (RS-422 into virtual 
ground) 
@ Low current PNP inputs compatible with TTL, MOS and CMOS 
@ High capacitive load drive capability 
@ Exact replacement for DS16/3691 
@ 
e 


A slew rate control pin allows the use of an external capacitor to 
control slew rate for suppression of near end cross talk to receiv- 
ers in the cable. 


The Am26LS30 is constructed using Advanced Low Power 
Schottky processing. 


Advanced low power Schottky processing 
100% reliability assurance screening to MIL-STD-883 
requirements 


LOGIC DIAGRAMS 
Logic for Am26LS30 with Logic for Am26LS30 with 
Mode Control HIGH (RS-423) ‘Mode Control LOW (RS-422) 


SR CONTROL A 


ENABLE B 
INPUT A GOIRELA SR CONTROL A 


OUTPUT A 


SR CONTROL B INPUT A 


OUTPUT B 


INPUT B OUTPUT B SR CONTROL B 


SR CONTROL C 


SR CONTROL C 


OUTPUT C 


INPUT D 


OUTPUT D 
OUTPUT C 


INPUT C 


SR CONTROL D 


ENABLE C 


SR CONTROL D 


Vcc 


GROUND 
VEE 


INPUT D OUTPUT D 


MODE 
CONTROL 


GROUND 


MODE 
VEE 


CONTROL BLI-002 BLI-003 


ORDERING INFORMATION CONNECTION DIAGRAM — Top View 


Package Temperature Order 16 [7] SLEW RATE 


CONTROL A 


Type Range Number input a [7] 2 15 [_] output a 
Hermetic DIP —55°C to +125°C AM26LS30DM INPUT/ENABLE'E [—] 3 
Hermetic Flat Pak —§5°C to +125°C AM26LS30FM écaM HATE 
Dice ~55°C to +125°C  AM26LS30XM mom EL * A zeisso © fl conTroL 8 
Hermetic DIP 0°C to +70°C AM26LS30DC 12 eoarnoLe 
Molded DIP 0°C to +70°C AM26LS30PC INPUT/ENABLE C [] 6 
Dice 0°C to +70°C AM26LS30XC 


Note: INPUT D| | 7 


Pin 1 is marked 
for orientation. 


SLEW RATE 
CONTROL D 


BLI-005 
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Am26LS30 
ABSOLUTE MAXIMUM RATINGS (Above which the useful life may be impaired) 


He eee a SS eee 
Storage Temperature —65 C to +150°C 
Supply Voltage 

V+ 7.0V 

V— —7.0V 
Power Dissipation 600mW 
Input Voltage —0.5 to +15.0V 
Output Voltage (Power Off) +15V 
Lead Soldering Temperature (10 seconds) 300°C 


ELECTRICAL CHARACTERISTICS over the operating temperature range 
The Following Conditions Apply Unless Otherwise Specified: 


Am26LS30XM (MIL) Ta =—-S8°Cto+128°C Vcc =5.0V +10%, Veg = GND 
Am26LS30XC (COM'L) Ta = 0°C to +70°C Vcc =5.0V +5%, Veg = GND 
EIA RS-422 Connection, Mode Voltage = 0.8V 


DC CHARACTERISTICS over the operating temperature range 


Typ. 
Parameters Description Test Conditions (Note 3) Min. (Note 1) Max. Units 


Tvin=2ov [8 
Vo 
VT 
VT 


w 
Oo? 


Differential Output Voltage, V R; =° 
Vin = 2.0V 2.4 Volts 
Se Differential Output Voltage, VA, B R, = 1002 | Volts | 
IN = ¥.- 4. ‘ 


Volts 
/—Vos:Vos_ | Common Mode Offer Voltage Sid tO 
CT Ivrl=Ivel [Difference in Differential Output Vortage | Ruston | 
/TWosl= Ives [Difference in Common Mode Offset Vottege | Ru= toon | 
vss] vet toon 40 


Volts 


| 
wo 
ron) 


ie) 


oO 


| 
N}b 
L 


: Vema=tov | | | 10 | A 
RA] mou ssanecurene, | Mey FE gf ta 
ix Off State (High Impedance) Tere ee (i 
Isa; Isp Output Short Circuit Current = a sas SS ae 
OA= ie cae 

Mins OM [Wos=60v_[ | 80180 | A 

ee ORR CURIN ee ee eta See eens ae ee, 
Se a nC 


ef ae 
Piney tt on] 
io aa tae Inne Coren 200 [a 


AC CHARACTERISTICS 
EIA RS-422 Connection, Vcc = 5.0V, Veg = GND, Mode = 0.4V, Ta = 25°C 
Typ. 
Parameters Description Test Conditions Min. (Note 1) Max. Units 


| tpp __|_ Output Propagation Delay Fig. 2, Ry, = 1000, C, = 500pF 


Output Propagation Delay Fig. 2, Ry = 1000, C,_ = SO00pF 


Notes: 1. Typical limits are at Voc = 5.0V, Veg = GND, 25°C ambient and maximum loading. 
2. Symbols and definitions correspond to EIA RS-422 where applicable. 
3. R, connected between each output and its complement. 
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Am26LS30 
ELECTRICAL CHARACTERISTICS over the operating temperature range 


The following conditions apply unless otherwise specified: 


Am26LS30XM (MIL) TA =—55°C to +125°C = Veg = 5.0V +10%, Veg = —5.0V +10% 
Am26LS30XC (COM’L) Ta =0°C to +70°C Vcc = 5.0V +5%, Veg =—5.0V +5% 
RS-423 Connection, Mode Voltage > 2.0V 


DC CHARACTERISTICS over the operating temperature range (Notes 1 and 2) 


Typ. 
Parameters Description Test Conditions Min. (Note 1) Max. Units 


Ri = 4502 


Output Short Circuit Current Vo =0V 


Positive Supply Current Vin =2.4V, Ry =< Pee or ie, 
ae Negative Supply Current VIN = 0.4V, Ry = 2 | ft 


VIN = 2.4V 
fa pigvimabintdducae “We IN ee eed 


l | w 
2 
3/3 
>| > 


: 
oO 
> 
n 


| oa 
eae 
= 
> 


Low Level Input Current Vin = 0.4V —30 —200 


AC CHARACTERISTICS 
RS-423 Connection, Voc = 5.0V, Veg = —5.0V, Mode = 2.4V, Ta = 25°C 


Parameters Description | Test Conditions Min. (Note 1) Max. Units 


Positive Slew Rate Fig. 1, Ry, = 4500, C, = 500pF 


Negative Slew Rate Fig. 1, RL = 4500, C, = 500pF 


Slew Rate Coefficient Fig. 1, RL = 4500, C, = 500pF a aoe 
Output Propagation Delay | Fig. 1, Ri = 4509, C, = 500pF, Cc = 0 || 180 300 Fons | 
Output Propagation Delay | Fig. 1, RL = 4500, C, = 500pF, Cc = 0 Ft 180 | [ons 


Notes: 1. Typical limits are at Voc = 5.0V, Veg = —5.0V, 25°C ambient and maximum loading. 
2. Symbols and definitions correspond to EIA RS-423 where applicable. 
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Am26L3S31 


Quad High Speed Differential Line Driver 


DISTINCTIVE CHARACTERISTICS 


Output skew — 2.0ns typical 

Input to output delay — 12ns 

Operation from single +5V supply 

16-pin hermetic and molded DIP package 

Outputs won’t load line when Vcc = 0 

Four line drivers in one package for maximum package 

density 

@ Output short-circuit protection 

@ Complementary outputs 

@ Meets the requirements of EIA standard RS-422 

@ High output drive capability for 10002 terminated trans- 
mission lines 

@ Available in military and commercial temperature range 

@ Advanced low-power Schottky processing 

@ 100% reliability assurance screening to MIL-STD-883 

requirements 


FUNCTIONAL DESCRIPTION 


The Am26LS31 is a quad differential line driver, designed for 
digital data transmission over balanced lines. The Am26LS31 
meets all the requirements of EIA standard RS-422 and federal 
standard 1020. Is is designed to provide unipolar differential 
drive to twisted-pair or parallel-wire transmission lines. 


The circuit provides an enable and disable function common 
to all four drivers. The Am26LS31 features 3-state outputs 
and logical OR-ed complementary enable inputs. The inputs 
are all LS compatible and are all one unit load. 


The Am26LS31 is constructed using advanced low-power 
Schottky processing. 


LOGIC DIAGRAM 


ENABLE ENABLE 


Veq OUTPUT OUTPUT OUTPUT OUTPUT OUTPUT OUTPUT OUTPUT OUTPUT 
D+ D— C+ Cc— Bt B— At A- 


ORDERING INFORMATION CONNECTION DIAGRAM 


(Top View) 


Package Temperature Order 
Type Range Number 
Hermetic DIP ~55°C to +125°C AM26LS31DM 

Flat Pak -55°C to +125°C AM26LS31 FM 
Dice ~55°C to +125°C AM26LS31XM 
Hermetic DIP 0°C to +70°C AM26LS31DC 
Molded DIP 0°C to +70°C AM26LS31PC 
Dice 0°C to +70°C AM26LS31 XC 


Note: Pin 1 is marked for orientation. 
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Am26LS31 
ABSOLUTE MAXIMUM RATINGS (Above which the useful life may be impaired) 


Supply Voltage 7.0V 
Input Voltage 7.0V 
Output Voltage 5.5V 
Storage Temperature Range ~65°C to +150°C 


ELECTRICAL CHARACTERISTICS over the operating temperature range 


The following conditions apply unless otherwise specified: 


Am26LS31XM (MIL) Ta = —55°C to +125°C Vcc = 5V + 10% 
Am26LS31XC (COM’L) Tp =0°C to +70°C Vec = 5V + 5% T 
yp. 
Parameters Description Test Conditions Min. (Note 1) Max. Units 


Volts 


0.32 Volts 


Input Reverse Current 


Off-State (High Impedance) Vcc = Max. Vo = 5.5V 
Output Current Vo = 0.5V 
Input Clamp Voltage Vcc = Min., ijn = 18MA 


Output HIGH Voltage Vcc = Min., lon = —20mMA 


Volts 


Volts 
mA 
LA 


< 
O 
rm 
od 
N 


: 


N N 
E 
> 


—0.20 


Volts 
mA 


< 


Isc Output Short Circuit Current —30 
SKEW Output to Output 


Notes: 1. All typical values are Vcc = 5.0V, Ta = 25°C. 
2. Cy = 30pF, Vin_y = 1.3V to Vout = 1-3V, VpuLSE = OV to +3.0V, See Below. 


=| 


Qo 
rs) 


> 
a 
rm 
= 


NOT wo 
O|N 
wo NO 


= 
~ 


Ww 
(oe) 


AC LOAD TEST CIRCUIT PROPAGATION DELAY 
FOR THREE-STATE OUTPUTS | (Notes 1 and 3) 


TEST 


POINT INPUT 
TRANSITION 


FROM OUTPUT teLH 
UNDER TEST 


C, INCLUDES OUTPUT ——~- f —1\- 
PROBE AND JIG 


CAPACITANCE | 


ooFuT —\——- #- 


tpHE 


ENABLE AND DISABLE TIMES 
(Notes 2 and 3) 
Enable Disable 


———__—_—_——. 3.0V 
ENABLE 


OUTPUT 
NORMALLY 


NORMALLY 


High $1 OPEN 


Notes: 1. Diagram shown for Enable LOW. 
2. S_ and So of Load Circuit are closed except where shown. 
3. Pulse Generator for All Pulses: Rate < 1.0MHZz; Z, = 502; t, < 15ns; t¢ < 6.0ns. 
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OUT O 
2,6,10,14 


Ap 


fall 


Am26LS831 


EQUIVALENT CIRCUIT (1/4 Am26LS31) 


i = 
D 


10 
C 


O OUT 
3,5,11,13 
Q14 


TO OTHER 
THREE 
DRIVERS 


Rao 
(FEED THRU) 


TYPICAL APPLICATION 


1/4 
Am26LS32 


SHIELD OR COMMON GROUND RETURN 
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Am26LS31 


Guaranteed VOH and Vo. 
(Ta = —55°C to +125°C) VouT Versus Vcc 


NR ee ee 


VoH ® Vcc = 4.5V 


ect VoL @4.5V <Vec <5.5V 


Vout (VOLTS) 
Vec (VOLTS) 


a 
PIN 4 <0.8V, PIN 12 > 2.0V 
Ri_ = 10kQ2 TO GROUND 
AREA INSIDE ENVELOPE 
IS LOW IMPEDANCE. (~50Q) 


eho AREA OUTSIDE ENVELOPE 
—— 

Ps se ae ee CO Ce IS HIGH IMPEDANCE (>1/4mQ) 
0 40 80 112 16 20 0 10 20 30 40 


Igy OR —Igy (mA) Vout (VOLTS) 


Metallization and Pad Layout 


INPUT A INPUT D 


i iY ; Mera rr: 
CHANNEL A Tas! ag CHANNEL D 
OUTPUTS vps mer Eat OUTPUTS 


ENABLE ie ge ENABLE 


trl | i eel i 1M: 
CHANNEL B F er | : CHANNEL C 
OUTPUTS ro al || (ole =e OUTPUTS 
Teas \ aaa (31 a fe Mi 


INPUT B INPUT C 


DIE SIZE 0.067" X 0.084” 
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DISTINCTIVE CHARACTERISTICS 


Am26LS32 ¢ Am26LS33 


Quad Differential Line Receivers 


Input voltage range of 15V (differential or common mode) 
on Am26LS33; 7V (differential or common mode) on 
Am26LS32 

+0.2V sensitivity over the input voltage range on AmM26LS32; 
+0.5V sensitivity on Am26LS33 

The Am26LS32 meets all the requirements of RS-422 and 
RS-423 

6k minimum input impedance 

30mV input hysteresis 

Operation from single +5V supply 

16-pin hermetic and molded DIP package 

Fail safe input-output relationship. Output always high 
when inputs are open. 

Three-state drive, with choice of complementary output 
enables, for receiving directly onto a data bus. 

Propagation delay 17ns typical 

Available in military and commercial temperature range 
Advanced low-power Schottky processing 

100% reliability assurance screening to MIL-STD-883 
requirements 


ENABLE ENABLE INpb+ INp— 


GND Vec OUTPUT D 


ORDERING INFORMATION 


Am26LS32 Am26LS33 


LOGIC DIAGRAM 


OUTPUT C 


Package Temperature Order Order 
Type Range Number Number 
Hermetic DIP —55°Cto+125°C AM26LS32DM AM26LS33DM 

Flat Pak —55°C to +125°C AM26LS32FM AM26LS33FM 
Dice —55°C to +125°C AM26LS32XM AM26LS33XM 
Hermetic DIP 0°C to +70°C AM26LS32DC  AM26LS33DC 
Molded DIP O'C:te. 470°C AM26LS32PC AM26LS33PC 
Dice O°C to +70°C AM26LS32XC  AM26LS33XC 
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FUNCTIONAL DESCRIPTION 


The Am26LS32 is a quad line receiver designed to meet the 
requirements of RS-422 and RS-423, and Federal Standards 
1020 and 1030 for balanced and unbalanced digital data 
transmission. 


The Am26LS32 features an input sensitivity of 200mV over 
the input voltage range’ of +7V. 


The Am26LS33 features an input sensitivity of 5|00mV over 
the input voltage range of +15V. 

The Am26LS32 and Am26LS33 provide an enable and disable 
function common to all four receivers. Both parts feature 3- 
state outputs with 8mA sink capability and incorporate a fail 
safe input-output relationship which keeps the outputs high 
when the inputs are open. 


The Am26LS32 and Am26LS33 are constructed using Ad- 
vanced Low-Power Schottky processing. 


INg+ IN INa+ INa- 


OUTPUT B OUTPUT A 


CONNECTION DIAGRAM 


Note: Pin 1 is marked for orientation. 


Am26LS32 e Am26LS33 


ABSOLUTE MAXIMUM RATINGS (Above which the useful life may be impaired) 
a a en a ate oe See ee 


Supply Voltage 7.0V 
Common Mode Range +25V 
Differential Input Voltage +25V 
Enable Voltage 7.0V 
Output Sink Current 50mA 
Storage Temperature Range -65°C to +165°C 


ELECTRICAL CHARACTERISTICS Over the operating temperature range 


The following conditions apply unless otherwise specified: 


Am26LS32XM, Am26LS33XM (MIL) Ta =—55°Cto+1258°C =9Vec = 5.0V + 10% 
Am26LS32XC, Am26LS33XC (COM’L) Typ =0°C to +70°C Voc = 5.0V + 5% Ty 
p. 
Parameters Description Test Conditions Min. (Note 1) Max. Units 


Oo 


~ 
wo i) 


ro) 
=: 


Volts 


Am26LS32, —7V < Vom < +7V 
Vout = VoL or VoH 


Am26LS33, —15V < Vom < +15V 0.12 


Input Current (Under Test) VIN = +15V, Other Input —15V < Viqy < +15V 


Differential Input Voltage 


IN Input Current (Under Test) VIN = —15V, Other Input -15V < Vin) < +15V —2.8 
Output HIGH Voltage Volts 
olts 
VENABLE = 0.8V lor=8.0oma] | | as 


Volts 


Volts 
—1.5 Volts 


Vo = 2.4V 
Vo = 0.4V 


Vcc = Max. 
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fo Off-State (High Impedance) 
Output Current 
Pi rable input High Curent | Viyessv SSCS 
Voc = Max., All Ving = GND, Outputs Disabled 
Ta = 25°C, Vcc =5.0V, C= 15pF, see test cond. below 
Note: 1. All typical values are Voc = 5.0V, Ta = 25°C. 
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LOAD TEST CIRCUIT PROPAGATION DELAY ENABLE AND DISABLE TIMES 
FOR THREE-STATE OUTPUTS (Notes 1 and 3) (Notes 2 and 3) 


‘ Vou —$_+__—_ 
cc ENABLE _ 
OUTPUT —#—_—_\- 1.3V INPUT ——— 
2.0kQ VoL 
FROM OUTPUT 


UNDER TEST 'PLH "PHL 


OPPOSITE +2.5V Buran 
PHASE 
CL INCLUDES ALL DIODES INPUT —\{——_ §— ov NORMALLY 
PROBE AND JIG 1N916 OR TRANSITION LEE 151) 


CAPACITANCE 1N3064 


OUTPUT 
0 NORMALLY 
$2 HIGH 


Notes: 


1. Diagram shown for Enable LOW. 

2. S41 and So of Load Circuit are closed except 
where shown. 

3. Pulse Generator for All Pulses: Rate < 1.0MHz; 
Zo = 5082; t, < 15ns; te < 6.Ons. 
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Am26LS32 © Am26LS33 


EQUIVALENT CIRCUIT (1/4 Am26LS32 OR Am26LS33) 


AF 
ea tet | 
eens Re bam i: 
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1/4 
Am26LS32 


1/4 
Am26LS32 


SHIELD OR COMMON GROUND RETURN 
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Am26LS32 e Am26LS33 


ENABLE 


1/4 
Am26LS31 


O DATA OUTPUT 


>. 
Am26LS32 


Two Wire Balanced System. 


1/4 
Am26LS29 


O DATA OUTPUT 


>: 
Am26LS32 


GROUND RETURN COMMON 
TO SEVERAL SIGNAL WIRES 


Single Wire With Common Ground Unbalanced System. 


LINE TERMINATION 


It is important in a digital communication system to have the 
minimum amount of noise generated by undesired reflections 
at the driver and receiver. There are numerous ways of match- 
ing to the line. The line can be matched at the driver, at the 
receiver or both, each method has advantages and disadvan- 
tages. Generally for any but the longest lines it is sufficient 
to match at one place, and only when there are discontinuities 
in the line, party line operation, or lack of a reasonable match 
at the opposite end of the line is the extra hardware of match- 
ing at both ends justified. The majority of transmission lines 
have fairly low characteristic impedances (in the range of 
50 to 200 ohms) and the currents involved for a reasonable 
voltage swing are quite large. It is more difficult to couple 
noise into this low impedance, but it is also more difficult to 
drive, and line drivers must have the ability to supply large 
currents. 


Various matching techniques that can be employed are shown 
in Figure 1. These impedance charts are useful in showing what 
happens to wave fronts traveling down a line, when the line 
delay is longer than the wave front transition. The DC input 
characteristic of the receiver, including any external compo- 
nents, is plotted on the V-I graph together with the output 
characteristic of the driver, including any external components 
used at the driving end. There are always quiescent points — 
points where the driver and receiver characteristics cross. These 
points represent the DC voltage/current conditions, which must 
eventually be satisfied. To determine the effect of switching 
from one quiescent point to the other, a line with a slope 
equal to the characteristic impedance of the transmission line 
is plotted, starting at the initial quiescent point and ending at 
the applicable output impedance characteristic. The point of 
intersection gives the voltage and current at the output of the 
driver (and the input of the transmission line immediately after 
the driver switched states). From this point a line having an 
equal but opposite slope is drawn to the input characteristic 
and, at the intersection shows the voltage/current conditions 
of the wave front at the input of the receiver. This procedure 
is repeated to the output characteristic and so on at each 
intersection of the characteristic, the voltage/current relation- 
ship for a particular reflection is given. The resulting time/ 
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voltage relationships for the traveling wavefront at the two 
ends of the transmission line are shown alongside. 


From the graphs several important features can be seen. If the 
line is not matched at either end considerable transient voltage 
swings can occur. In fact if the input and output character- 
istics are at right angles to one another, the reflections con- 
tinue for an infinite time if the line is assumed to have zero 
loss. Most lines have extremely low losses, and, therefore, 
a very undesirable situation exists if the line is not matched at 
either end. 


If the line is matched at the receiver, a voltage wave of con- 
stant amplitude travels down the line and is absorbed at the 
termination. Note whether the line is terminated to ground or 
to the power supply the system consumes DC power, either 
in the HIGH logic level or in the LOW logic level. In order 
to reduce the power dissipation, a blocking capacitor can be 
used in series with the receiver termination. The capacitor can 
be chosen to look like a short circuit to the voltage wavefront 
but stop DC (current) flow. Since the capacitor must be charged 
and discharged through the line, the data rate is reduced, when 
this technique is employed. 


If the line is matched with a series resistor at the driver, then 
the line input initially rises to one half the final voltage. This 
wave front travels down the line and is reflected at the receiver. 
When the reflection reaches the driver the voltage at the driver 
rises to its final amplitude. The receiver, however, sees one 
transition from the initial to the final amplitude. When the 
driver switches from HIGH to LOW a similar situation occurs, 
in which the input of the line sees at first a step to one half the 
final value and, two line delays later, the final LOW condition. 
This back matching mode of operation consumes no DC power 
if the input impedance of the receiver is infinite. The advantage 
of the method is that if the input impedance of the receiver 
is high, very little power is dissipated and current only flows 
during the transition time, which is twice the line delay time. 
If back matching is used in a balanced system the terminating 
series resistance must be divided into two equal resistances 
with resistors inserted in series with each wire in order to 
maintain a balanced system. 


Am26LS32 e Am26LS33 


SWITCHING FROM LOW TO HIGH SWITCHING FROM HIGH TO LOW VOLTAGE VERSUS TIME 


Zout L Zout L 


INPUT 
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INPUT 
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RECEIVER TO 
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OUTPUT 
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Figure 1. Line Matching Methods 


Metallization and Pad Layout 
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USE OF THE Am26LS30, 31 AND 32 
QUAD DRIVER/RECEIVER FAMILY IN 
EIA RS-422 and 423 APPLICATIONS 


By David A. Laws and Roy J. Levy 


INTRODUCTION 

Today's high-performance data processing systems de- 
mand significantly faster data communications rates than 
are possible with the EIA RS-232 specifications in use for the 
past ten years. 


Two new standards prepared by the Electronic Industries 
Association address this need. EIA RS-423 is an unbalanced, 
bipolar voltage specification designed to interface with RS- 
232C, while greatly enhancing its operation. It permits the 
communication of digital information over distances of up to 
2000 feet and at data rates of up to 300 Kilobaud. EIA 
RS-422 is a balanced voltage digital interface for com- 
municaton of digital data over distances of 4000 feet or 
data rates of up to 10 megabaud. 


Advanced Micro Devices has developed a family of 
monolithic Low-power Schottky quad line drivers and re- 
ceivers to meet the requirements of these specifications. 


The Am26LS29 and 30 line drivers and the Am26LS32 re- 
ceiver meet all requirements of RS-423 while the 
Am26LS31 differential line driver and the Am26LS32 re- 
ceiver meet the requirements of RS-422. 


A second receiver element, the Am26LS33 is available for 
use in high common mode noise environments, exceeding 
the common mode voltage requirements of RS-422 and RS- 
423. 


This application note reviews the use of these devices in 
implementing the new standards. Emphasis is given to the 
EIA RS-422 balanced interface. 


a) Single Wire With Common Ground. 


DATA 


ENABLE 


DATA 


ENABLE 


EIA STANDARD SPECIFICATIONS 


Two basic forms of operation are available for transmission 
of digital data over interconnecting lines. These are the 
single ended and differential techniques. 


The single-ended form uses a single conductor to carry the 
signal with the voltage referenced to a single return conduc- 
tor. This may also be the common return for other signal 
conductors. Figure 1a. 


The single-ended form is the simplest way to send data as it 
requires only one signal line per circuit. This simplicity, how- 
ever, is often offset by the inability of this form to allow 
discrimination between a valid signal produced by the 
driver, and the sum of the driver signal plus externally in- 
duced noise signals. 


A solution to some of the problems inherent in the single- 
ended form of operation is offered by the differential form of 
operation. Figure 1b. This consists of a differential driver 
(essentially two single-ended drivers with one driver always 
producing the complementary output signal level to the 
other driver), a twisted pair transmission line and a differen- 
tial line receiver. The driver signa! appears as a differential 
voltage to the line receiver, while the noise signals appear as 
a common mode signal. The two signals, therefore, can be 
discriminated by a line receiver with a sufficient common 
mode voltage operating range. 


The Electronic Industries Association, EIA, has defined a 
number of specifications standardizing the interface be- 
tween data terminal equipment and data circuit terminating 
equipment based on both single-ended and differential op- 
eration. 


ENABLE 


BLI-013 


ENABLE BLI-014 


Figure 1. Data Communication Techniques. 


Copyright © 1978 by Advanced Micro Devices, Inc. 


3-283 


The most widely used standard for interfacing between data 
terminal equipment and data communications equipment 
today, is EIA RS-232C, issued in August 1969. The RS-232C 
electrical interface is a single-ended, bipolar-voltage, unter- 
minated circuit. This specification is for serial binary data 
interchange over short distances (up to 50 feet) at low rates 
(up to 20 Kilobaud). It is a protocol standard as well as an 
electrical standard, specifying hand shaking signals and 
functions between terminal and the communications 
equipment. As already noted, single-ended circuits are sus- 
ceptible to all forms of electromagnetic interference. Noise 
and cross talk susceptibility are proportional to length and 
bandwidth. RS-232C places restrictions on both. It limits slew 
rate of the drivers (30V/us) to control radiated emission on 
neighboring circuits and allows bandwidth limiting on the 
receivers to reduce susceptibility to cross talk. The length 
and slew rate limits can adequately control reflections on 
unterminated lines, and the length and bandwidth limits are 
more than adequate to reduce susceptibility to noise. 


a) EIA RS-232C Generator Output. 


Vss =|Vt - Vil 


Use of the Am26LS29, 30, 31 and 32 


Like EIA RS-232C, the new EIA RS-423 is also a single-ended, 
bipolar-voltage unterminated circuit. It extends the distance 
and data rate capabilities of this technique to distances of up 
to 4000 feet at data rates of 3000 baud, or at higher rates of up 
to 300 Kilobaud over a maximum distance of 40 feet. 


EIA RS-422 is a differential, balanced voltage interface capa- 
ble of significantly higher data rates over longer distances. It 
can accommodate rates of 100 Kilobaud over a distance of 
4000 feet or rates of up to 10 megabaud. These performance 
improvements stem from the advantages of a balanced con- 
figuration which is isolated from ground noise currents. It is 
also immune to fluctuating voltage potentials between sys- 
tem ground references and to common mode electromag- 
netic interference. Figure 2 compares the driver output 
waveforms for the three EIA standard configurations, while 
Table | compares the key characteristics required by drivers 
and receivers intended for these applications. Since RS-232C 
has been in use for many years, RS-422 and 423 parameter 
values have been selected to facilitate an orderly transition 
from existing designs to new equipment. 


Vss = Difference in steady 
state voltages 
R_ = 3KQ to 7KQ 
Vss min. = +5V; Vsg max. = +25V 


b) EIA RS-422 Generator Output. 


tp = Time duration of the unit interval 
at the applicable modulation rate 

tr < 0.1tp when tp = 200ns 

ty < 20ns when tp < 200ns 


Vss = Difference in steady state voltages 
Vss = Mt ~ Vil 
Vss min. = 2V; Vsg max. = 6V 


c) EIA RS-423 Generator Output. 


Vss = |Vt - Vil 

Vss = Difference in steady 
state voltages 

Vsg min. = +3.6V; Vgsg max. = 


Figure 2. Driver Output Waveforms. 
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Use of the Am26LS29, 30, 31 and 32 


Form of Operation 
Max. cable length 
Max. data rate 


Driver output 
voltage, open 
circuit” 

Driver output 
voltage, Loaded 
output” 


Driver output resis- 
tance power off 
Driver output short 
circuit current Iso 


Driver output slew 
rate 


TABLE | 


KEY PARAMETERS OF EIA SPECIFICATIONS 


Single Ended 
50 
20K 


+25 


+5 to +15 


Ro = 3000 


+500 


30 Viusec Max. 


Single Ended 
2000 
300K 


100uA between 
—6 to +6V 


+150 


Slew rate must be 
controlled based 
upon cable length 
and modulation 


Characteristics [omar | _eanens [sans [os 


Differential 
4000 
10M 


6 volts 
between 
outputs 


2 voits 
between 
outputs 


100uA between 
+6 and —.25V 
+150 


No control 
necessary 


Feet 
Baud 


Volts (Max.) 


Volts (Min.) 


Min. 


mA (Max.) 


rate 


Receiver input 3K to 7K =4K 


resistance F;, 


Receiver input —3 to +3 


thresholds 


Receiver input 


voltage ~25 to +25 


*+ indicates polarity switched output. 


INTEGRATED CIRCUIT CHARACTERISTICS 


Most semiconductor manufacturers offer integrated circuits 
designed to satisfy the old RS-232C standard. A number of 
them have designs in progress to meet the new EIA specifica- 
tions. Products available from Advanced Micro Devices to 
meet these needs are shown in Table Il. 


The Am26L829, 30, 31 and 32 are a family of quad drivers and 
receivers designed specifically to meet the new EIA stan- 
dards. These products utilize Low-Power Schottky technol- 
ogy to incorporate four drivers or four receivers, together 
with control logic, in the standard 16-pin package outlines. 


The Am26LS29/30 and the Am26LS32 are driver and receiver 
pairs designed to implement the single-ended EIA RS-423 
standard. The Am26LS31 is a differential line driver designed 
for use with the Am26LS32 receiver in a differential mode to 
meet EIA RS-422. 


Am26LS29 AND Am26LS30 QUAD 
RS-423 LINE DRIVERS 


The Am26LS29 and 30 consist of four single-ended line driv- 
ers designed to meet or exceed the requirements of RS-423. 
The buffered driver outputs are provided with sufficient 
source and sink current capability to drive 50 ohm to a virtual 
ground transmission line and high capacitive loads. The 
Am26LS29 has a three-state output control while the 
Am26LS30 has a Mode Control input that allows it to operate 
as a dual RS-422 driver (with suitable power supply change- 
s), Figure 3. 


Each of the four driver inputs, as well as the Enable/Mode 
Control input is a PNP Low-Power Schottky input for reduced 


—0.2 to +0.2 


—12 to +12 
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Q 


—0.2 to +0.2 Volts (Max.) 


—12 to +12 Volts (Max.) 


input loading, one-half the normal fan-in. Since there are two 
inverters from each input to output, the driver is non- 
inverting. When operating in the RS-423 mode, the 
Am26LS29 and 30 require both +5V and —5V nominal value 
power supplies. This allows the outputs to swing symmetri- 
cally about ground — producing a true bipolar output. The 
Mode Control (Pin 4) of the Am26LS30 should be HI or tied to 


TABLE Il 


ADVANCED MICRO DEVICES’ 
EIA COMPATIBLE DEVICES 


EIA Standard| _—Drivers__—(|_—sReceivers 
specified for CCITT 


Am1488 Am1489, 1489A 
RS-232C 
V.24 and MIL-188C 


Quad Driver Quad Receivers with 
RS-422 Am26LS31 

Quad Differential 

with three-state 

control gating 


response control pin 
RS-423 Am26LS29 
Quad Driver with - 
three-state output 
Am26LS30 
Quad Driver with 
. slew rate control 


Am9616 Am9617 


Triple Driver with Triple Receiver with 
logic control optional hysteresis 
Am2616 Am2617 


Quad Driver also 


Quad Receiver specified 
over MIL range 


Am26LS32 


Quad Differential Driver 
single-ended Receiver 


Am26LS32 . 


Quad single-ended/ 
Differential Receiver 


a) Logic Diagrams 


Am26LS829 


SR CONTROL A 


INPUT A OUTPUT A 
SR CONTROL B 
INPUT B OUTPUT B 
SR CONTROL C 
INPUT C OUTPUT C 
SR CONTROL D 
INPUT D OUTPUT D 
V+ 
GROUND 
v- ENABLE 


Use of the Am26LS29, 30, 31 and 32 


Am26LS30 
RS-423 Operation (Mode Control HIGH) 


SR CONTROLA 
INPUT A OUTPUT A 
SR CONTROL B 
INPUT B OUTPUT B 
SR CONTROL C 
OUTPUT C 


INPUT C 


SR CONTROL D 


INPUT D OUTPUT D 
V+ 
GROUND 
Vv MODE 
7 CONTROL 


b) Circuit Diagram for Am26LS30 
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Figure 3. Am26LS29 and Am26LS30 Drivers. 


Vcc. Each output is designed to drive the RS-423 load of 50 
ohms with an output voltage equal or greater than +3.6 volts 
in the HI state and —3.6 volts in the LO state. Each output is 
current limited to 150mA max. in either logic state. A Slew 
Rate control pin is brought out separately for each output to 
allow output ramp rate (rise and fall time) control. This pro- 
vides suppression of near end cross talk to other receivers in 
the cable. Connecting a capacitor from this node to that 
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driver’s respective output will produce a ramp (10% to 90%) 
of 50ns typical for each picofarad of capacitance in that 
capacitor. RS-423 establishes recommended ramp rates ver- 
sus length of line driven and modulation rate, Figure 4. 


The Am26LS30 can be used at low data rates as a dual EIA 
RS-422 driver with three-state outputs by connecting the Veg 
supply and the mode control input to ground. 


Use of the Am26LS29, 30, 31 and 32 


Am26LS31 QUAD RS-422 DRIVER 


The Am26LS31 is a quad differential line driver designed to 
meet the RS-422 specification while operating with a single 
+5 volt supply. A common enable and disable function con- 
trols all four drivers, Figure 5. The driver features high speed, 
de-skewed differential outputs with typical propagation de- 
lays of 12ns and residual skew of 2ns. Both differential line 
outputs are designed for three-state operation to allow 
two-way half duplex and multiplex, data bus applications. 


Table Ill is a summary of the essential requirements of the 
RS-422 standard. Section A describes the key characteristics 
satisfied by the Am26LS31 driver. 


The balanced differential line driver consists of two halves, 
each of which is similar to a Low-power Schottky TTL gate 
with equal source and sink current capability. The two halves 
are emitter coupled in a differential input configuration. One 
side of the input circuit is tied to a fixed TTL bias threshold 
and the other side is tied to a sink diode in normal DTL/TTL 
fashion. This configuration offers complementary outputs 
with very low skew, dependent only upon component match- 
ing, a necessity to meet RS-422. 
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Figure 4. Data Modulation Rate or Cable Length 
Versus Risetime for ELA RS-423. 
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The circuit diagram of the driver is shown in Figure 6. The 
emitter-coupled input circuit is formed by Q2 and Q3, which 
are biased by a current source. This source is a current 
mirror, formed by Q1 which supplies the current, and D6 
which is diode connected transistor matched to Q1. The fixed 
bias for Q3, formed by D5 and D6, is 2Vg¢. A 2Ve¢ bias, less 
the D2 Schottky diode drop, provides the normal Low-power 
Schottky TTL threshold, V;, = 0.7V. R19 provides a boost to 
0.8V for a full 400mV TTL noise margin. The differential 
outputs of the emitter coupled stage, A and A, drive emitter 
followers Q14 and Q15, which provide the required speed 
and matching characteristics. The emitter followers, drive 
phase splitters Q4 and Q5, which in turn drive totem-pole 
outputs. The outputs at the line interface are of standard 
Low-power Schottky TTL configuration, except that circuit 
values are modified to provide high sourcing capability. The 
outputs are designed to source or sink 20mA each, so that 
they can generate a voltage of at least 2.0V across a 100 ohm 
load, as required by RS-422. Additional circuitry has been 
included to make the line outputs three-state for two-way 
bus applications. The Am26LS31 meets the RS-422 require- 
ment that the driver not load the line in the powered down 
condition (ly < 100A) or if the power supply to that device 
should fail. 


Am26LS32 QUAD RS-422 AND 423 RECEIVER 


The Am26LS32 is a quad line receiver which, operating from 
a single 5 volt supply, can be used in either differential or 
single-ended modes to satisfy RS-422 and 423 applications 
respectively. A complementary enable and disable feature, 
similar to that on the driver, controls all four receivers, Figure 
7. The device’s three-state outputs, which can sink 8mA, 
incorporate a fail-safe input-output relationship which keeps 
the outputs high when the inputs are open. 


The Am26LS32 meets the receiver input specification of 
Table Ill, a 200mV threshold sensitivity with common mode 
rejection exceeding the supply line potentials, (greater than 7 
volts). The same design feature of the input circuit which 
provides the common mode rejection also insures excellent 
power supply ripple rejection, which is important when 
switching the high currents involved in a system's interfaces. 
Furthermore, unlike operational amplifiers, where the DC 
common mode and power supply rejection ratios roll off 
with open loop gain, the full rejection capability of this line 
receiver is maintained at high frequencies. The receiver hys- 
teresis of typically 30mV, provides differential noise immuni- 
ty. Signals received on long lines can have slow transition 
times, and without hysteresis, a small amount of noise 
around the switching threshold can cause errors in the re- 
ceiver output. 


OUTPUT 
B1 


OUTPUT 
A2 


OUTPUT 


OUTPUT 
B Al 


Figure 5. Am26LS31 Logic Diagram. 
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| TABLE Ill 
SUMMARY OF EIA RS-422 STANDARD FOR A BALANCED DIFFERENTIAL INTERFACE 


A. Line Driver B. 


Open Circuit Voltage (either logic state) 
Differential IVdol < 6.0V 
Common Mode \Vemol < 3.0V 


Differential Output Voltage (across 100 ohm load) 
Either logic state IVgl = max (0.5V qo, 2.0V) 


Output Impedance 
Either logic state Rg =< 100 ohms 


Mark-Space Level Symmetry (across 100 ohm load) 
Differential IVasl = \Vaml < 0.4V 


Output Short Circuit Current (to ground) 
Either Output lIsc| < 150mMA 


Output Leakage Current (power off) 


Voltage Range —0.25V < V, < +6.0V 
Either Output at V, lx| = 100uA 


Rise and Fall Times (across 100 ohm load) 
T = Baud Interval (t,, ts) < max (0.1T, 20ns) 


Ringing (across 100 ohm load) 
Definitions 
Vass = Vg (steady state) 
Vss = Vas—Vam (steady state) 
Limits (either logic state) 


Percentage I\Va—Vass| < 0.1Vss 
Absolute 2.0V < |Vgl| < 6.0V 


C. Interconnecting Cable 


Type 
Twisted Pair Wire or Flat Cable Conductor Pair 


Conductor Size 
Copper Wire (solid or stranded) 
Other (per conductor) 
Capacitance 


Mutual Pair 
Stray 


Pair-to-Pair Cross Talk (balanced) 
Attenuation at 150KHz 


3-288 


Line Receiver 
Signal Voltage Range 


Differential \Vql < 6.0V. 

Common Mode I\Veml = 7.0V 
Single-Ended Input Current (power ON or OFF) 

Either Input at V, IV, |= 10V 

Other Input Grounded lly| <= 3.25mA 
Single-Ended Input Bias Voltage (other input grounded) 

Either Input Open Circuit IVp| < 3.0V 
Single-Ended Input Impedance (other input grounded) 

Either Input R, = 4000 ohms 
Differential Threshold Sensitivity 

Common Mode Voltage Range \Vom| = 7.0V 

Either Logic State |\V+| = 200mV 
Absolute Maximum Input Voltage 

Differential IVq| = 12V 

Single-Ended \V,| <= 10V 


Input Balance (threshold shift) 
Common Mode Voltage Range lVem| = 7.0V 
Differential Threshold (500 ohms in series with each 
input) 
Either Logic State Vi | < 400mV 
Termination (optional) 
Total Load Resistance (differential) Ry > 90 ohms 


Multiple Receivers (bus applications) 
Up to 10 receivers allowed. Differential threshold sen- 
sitivity of 200mV must be maintained. 

Hysteresis (optional) 
As required for applications with slow rise/fall time at 
receiver, to control oscillations. 

Fail Safe (optional) 


As required by application to provide a steady MARK or 

SPACE condition under open connector or driver 
power 

OFF condition. 


24 AWG or larger 
R < 30 ohms/1000 ft. 
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2,6, 10,14 


a 


Q3 O OUT 
3,5,11,13 
Q4, 
R13 
8 


TO OTHER 
THREE 
DRIVERS 


40 
(FEED THRU) 


Figure 6. Am26LS31 Circuit Diagram (Only one driver shown). 


The balanced differential line receiver is a three-stage circuit. 
The input stage consists of a low-impedance differential cur- 
rent amplifier with series resistor inputs to convert line signal 
voltage to current and provide a moderate input impedance. 
The input resistors provide an impedance greater than 6K on 
each input, power on or power off, which exceeds the re- 
quirements of RS-422 and RS-423. This is one advantage of 
the current amplifier input circuit. Another advantage is that 
is can operate with immunity to common mode voltages 
above Vcc and below ground. The differential threshold 
sensitivity of this circuit is 200mV, as required by RS-422. The 
second stage is a differential voltage amplifier, which inter- 
faces to the single-ended output stage through an emitter 
follower. The output stage is a standard Low-power Schottky 
TTL totem-pole output with three-state capability. 


The full circuit is shown in Figure 8. Resistors Roop and Ro, 
which connect the non-inverting input to Vcc and the invert- 
ing input to ground, provide the fail-safe feature, which 
guarantees a HIGH logic state for the receiver output when 
there is no signal on the line. The differential voltage 
amplifier in the second stage is formed by Q6 and Q3 which 
are biased by current source Q9. The hysteresis in the re- 
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ceiver switching characteristic is provided by 04 and QO5, a 
differential pair biased by current source Q6, whose collec- 
tors are connected in positive feedback to the input pull-up 
circuits. A small amount of current is switched by 04 and O5, 
which must be overcome by the different voltage signal, 
resulting in the hysteresis. The output stage is driven from 
one side of the differential second stage by emitter follower 


Q17, which is a multiple emitter transistor. the second emit- . 


ter is the control point for the three-state output.Q17 drives 
the phase splitter Q12, which in turn drives the three-state 
totempole output. The remainder of the circuit is the output 
enable control logic. This three-state capability on the re- 
ceiver TTL side of the interface is a useful feature for mod- 
ularizing two-way bus design. 


A mask option of the input resistors (Ry, Ro, Rep and Ro) 
modifies the receiver characteristics to improve operation 
in high common mode noise environments. This device, 
known as the Am26LS33, has these resistors at twice the 
value of the Am26LS32. An input differential or common 
mode voltage range of + 15 volts is achieved at the expense 
of a minor decrease of input threshold sensitivity, to 
+500mV from +200mV. 
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ENABLE ENABLE INp2 INp4 


OUTPUT D OUTPUT C OUTPUT B OUTPUT A 


Figure 7. Am26LS32 Logic Diagram. 


ae 1 


TO OTHER 
3 CIRCUITS 


Note: R3 and Rg values for AM26LS32 are half the AM26LS33 values. 


Figure 8. Am26LS32 and Am26LS33 Circuit Diagram (Only one receiver shown). 
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APPLICATIONS IN MIXED RS-232 AND 422/3 
SYSTEMS 


A system implemented with the RS-422 differential output 
cannot be used to drive an RS-232C system directly. An 
RS-423 single-ended driver, such as the Am26LS29 or 
Am26LS30, may be used provided certain precautions are 
observed. 


1. Although the RS-423 driver output specification of be- 
tween 4 to 5V does not meet the RS-232C specification of 
6V, operation is usually satisfactory with RS-232C receiv- 
ers. This is achieved because the short cable lengths per- 
mitted by RS-232C cause very little signal degredation 
and because of the low source impedance of the RS-423 


driver. 


. RS-232C specifies that the rise time for the signal to pass 
through the +3.0V transition region shall not exceed 4% 
of the signal element duration. RS-423 requires much 
slower rise times, specified from 10% to 90% of the total 
signal amplitude, to reduce cross talk for operation over 
longer distances. Therefore, the RS-423 driver in the 
equipment must be waveshaped. This is achieved by 
selection of a capacitor value for the Am26LS30 to simul- 
taneously meet the requirements of both RS-423 and RS- 
232C for data rates covered by RS-232C. 


. RS-423 specifies one common return ground for each 
direction of transmission, RS-232C requires only one 
for both directions of transmission. Care must be taken 
to insure that a return ground path has been created 
when interfacing between the two systems. 


. RS-232C does not require termination, while it may be 
necessary for RS-422 and 423. Detailed consideration of 
termination is covered in the next section. 


Note that RS-422 and RS-423 specifies that receivers should 
not be damaged by voitages up to 12V, while RS-232C allows 
drivers to produce output voltages up to 25V. The Am26LS32 
receiver has been designed to avoid this hazard and can 
withstand input voltages of +25 volts. 


RS-422 TRANSMISSION LINE FEATURES 


Any time a receiver and transmitter are connected with more 
than a few inches of a wire, problems due to reflections can 
arise if care is not exercised to terminate the line correctly. 
RS-422 describes the cable as a twisted pair of approximately 
1200 impedance terminated in a resistor Ry. Ry is not 


specified because there are two extreme values which may . 


be chosen for the two following general classes of usage: (1) 
single direction transmission; and (2) multi-direction and 
multiple source transmission (party line). Considering the 
cable impedance only, the termination should equal the 
cable impedance of 1209. However this reduces the termi- 
nated cable resistance as seen by the driver to only 600, with 
resulting loading of the output signal. This loading causes a 
reduction of S/N ratio at the received terminal due to the 
decrease in signal voltage swing. The solution lies in a com- 
promise between an Ry of 1200 which provides maximum 
power transfer at a reduced S/N ratio or Ry of 2400 which 
Causes a mis-match of 2-to-1 but no S/N reduction. The 
choice is left to the user as it is system dependent. Both 
schemes will work for an average line length and should only 
approach the margins at maximum line length and 
maximum bit rates. 


Electronic Industries Association, when preparing EIA Stan- 
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dard RS-422 conducted their tests with 24 gauge twisted pair 
wire. The resulting length vs. data rate, is published as a 
guideline in RS-422 (Figure 9). This shows two important 
results: (1) Unmodulated baseband (NRZ) signalling is not 
recommended at distances greater than 4000 feet; (2) At data 
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DATA RATE — BAUDS 


Figure 9. Data Rate Versus Cable Length for Balanced, 
Twisted Pair Cable (From EIA RS-422). 


rates above about 100KHz, the maximum cable length for 
acceptable signal quality is inversely proportional to data 
rate. 


Result (1) above is due to the DC resistance of the cable. For a 
4000 foot cable with a DC resistance of 30 ohms/1000 feet, the 
DC series loop resistance is 2400. The minimum allowable 
terminated differential load impedance is 90. The DC vol- 
tage attentuation is 90/(90 — 240) = 1/4(6db), which is arbitrar- 
ily chosen as the maximum allowable limit. 


Result (2) is due to line losses. Laboratory tests using the 
26LS31 Line Driver connected to the 26LS32 Line Receiver by 
800 feet of ordinary 20 AWG twisted pair (Beldon #8205 
plastic-jacketed wire), terminated in its characteristic impe- 
dance of 1002 were evaluated. The input waveform was a 
500KHz square wave with (10% to 90%) rise and fall times of 
less than 10ns. The output waveform produced rise and fall 
times which together accounted for approximately one-half 
the period (t, + t; = 500ns). This was due to line loss and 
constant capacity. The energy per cycle of the output 
waveform is approximately 25% lower than that of the input. 
The input rise and fall times are not a function of line length, 
assuming matching termination. The output rise and fall 
times are dependent upon length in a complex manner. 
Furthermore, it can be shown by observation that they build 
up along the line. 


Many good reference sources are available on the subject of 
transmission lines (References 1, 2, 3 and 4). These will 
provide background information to the following discussion. 


Seshadri in Reference (1) has analyzed a line with series 
resistance losses and has shown that rise time varies with 
the square of the length. This shows series resistance to bea 
function of the square root of frequency. However when one 
tries to use this result in combination with the previous 
result, it becomes apparent just how difficult the problem is. 
In Reference (2), the authors point out that skin depth implies 
a frequency dependent series inductance as well as resis- 
tance, and that one cannot be considered without the other. 


They go on to show how this leads to the same result; 
namely that rise and fall times vary with the square of dis- 
tance. 


No attempt will be made to explain here why Figure 5 shows 
maximum length varying inversely with frequency rather 
than with the square of frequency. Certainly many complex 
factors are involved. Our laboratory observations showed a 
dependence somewhere in between linear and square law. 


The Am26LS31 Quad Line Driver and the Am26LS32 Quad 
Line Receiver are capable of good, clean operation to the 
distance limits and data rate limits of RS-422. 


SYSTEM APPLICATIONS 
The Am26LS30, 31, 32 and 33 can be combined in various 


Am26LS29 OR 
Am26LS30 


502 COAX 


ENABLE 
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signaling networks. Using Am26LS29, Am26LS30 and 
Am26LS32, Figure 10, a unidirectional RS-423 communica- 
tion can be constructed. Allowing for the voltage variation 
described earlier, RS-232C requirements can be satisfied. It 
should be noted that the Am26LS29 or Am26LS30 is used 
above to meet the bipolar requirements. If a single-ended 
line, Figure 11, is required without a bipolar requirement, the 
Am26LS31 can be used by biasing the reference terminal of 
the receiver to approximately 1.5 volts. Note that additional 
resistors will enhance fail safe operation. 


Figure 12 shows the use of the Am26LS31 and Am26LS32 to 
meet a balanced line, single direction RS-422 application. If 
bidirectionality is required, an additional termination should 
be added as shown in Figure 13. 


Am26LS32 


Figure 10. Unidirectional RS-423 (partial RS-232C). 


Am26LS31 


502 COAX 


ENABLE 


Am26LS31 


TWISTED PAIR 


Am26LS32 


ENABLE a) RS-422 Application. 


ENABLE b) Improved Fail-Safe Margin. 


Figure 12. 
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ENABLE 


Figure 13. Bidirectional RS-422. 


THREE-STATE THREE-STATE 


ENABLE ENABLE 
ENABLE : ENABLE ; 


Am26LS30/32 Am26LS30/32 


Figure 14. Party Line Configuration. 


a) Full Duplex Four-Wire Data Communication RS-422 Interface (with Data Modem). 


Am26LS$30/32 Am26L$30/32 Am26LS30/32 


TERMINAL LEASED 
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Figure 15. 
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THREE-STATE 
ENABLE 


THREE-STATE 
ENABLE 
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Am26LS30/32 


Am26LS$30/32 


TERMINAL 


b) Full Duplex Four-Wire Data Communication 
RS-422 Interface (without Data Modem). 


Figure 15. (Cont.) 


The high speed capability of RS-422 has attracted the in- 
terest of many computer designers for use in the party 
line mode (Figure 14). The most common usage is that of 
a four wire full duplex exchange system (Figure 15). This 
mode of operation involves two pairs of wires each han- 
dling a single direction of traffic. The outgoing direction 
consists of one driver (Am26LS30 or Am26LS31) and n 
receivers (Am26LS32 or Am26LS33). The incoming direc- 
tion consists of one receiver (AM26LS32 or Am26LS33) 
and n drivers (Am26LS30 or Am26LS31). This seems ex- 
tremely simple to organize. However, problems arise 
when system ground is considered. If the network of re- 
ceiver. and driver span a moderate to long physical dis- 
tance, ground loop noise or differences are developed 
changing the voltage that appears at the terminals of all 
receivers and drivers except for the one driver that is ac- 
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tive. It remains the system reference as long as it is ac- 
tive. This induced or system developed voltage is referred 
to as Common Mode voltage (CMV) and as such must be 
considered as a device parameter. All manufacturers 
specify CMV capability of their receiver in compliance 
with RS-422 (approx. 7 volts plus signal) but there is no 
specification for drivers. If the dimensions of the system 
are short compared to 1/4 wave length of the maximum 
date rise and fall times, the CMV can be assumed to be 
minimal and drivers with single voltage supply and lim- 
ited negative CMV can be used, i.e., AM26LS31. If the sys- 
tem dimensions are large, the CMV will cause problems 
in that the driver will clamp to the ground the moment 
the collective or apparent voltage swings below minus 0.5 
volts relative to the driver ground, causing a short in the 
line and increasing level shift and noise. The clamping is 
caused in part by conduction of the I/C substrate diode. 
The problem can be avoided by using a driver with an 
output common mode range (Am26LS30). The Am26LS30 
guarantees an output CMV range of +10 volts about the 
driver ground reference. New international standards are 
under consideration to specify this mode of operation. In 
conclusion, a good system of 4 wire full duplex for data 
communication would use as an outgoing pair an 
Am26LS30 line driver and up to 12 — Am26LS32 line re- 
ceivers, with a termination at the near and far ends of the 
cable. The same system would use as an incoming pair 
an Am26LS32 line receiver and up to 32 — Am26LS30 line 
drivers with only one enabled at a time and all others in 
three-state mode with cable termination at both near and 
far ends of the cable. 


Many other applications are possible using this family of 
devices. Although the designs are based on the require- 
ments of the EIA data communications specifications, 
they are not limited to these situations. Aircraft buses and 
internal equipment interconnections will benefit from the 
features offered by these products. 
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Am2905 


Quad Two-Input OC Bus Transceiver With Three-State Receiver 


Distinctive Characteristics @ Receiver has output latch for pipeline operation 


@ Quad high-speed LSI bus-transceiver @ Three-state receiver outputs sink 12 mA 

@ Open-collector bus driver @ Advanced low-power Schottky processing 

@ Two-port input to D-type register on driver @ 100% reliability assurance testing in compliance with 
@ Bus driver output can sink 100 mA at 0.8V max. MIL-STD-883 


FUNCTIONAL DESCRIPTION 

The Am2905 is a high-performance, low-power Schottky 
bus transceiver intended for bipolar or MOS microprocessor 
system applications. The device consists of four D-type 
edge-triggered flip-flops with a built-in two-input multi- 
plexer on each. The flip-flop outputs are connected to four 
open-collector bus drivers. Each bus driver is internally con- 
nected to one input of a differential amplifier in the receiver. 
The four receiver differential amplifier outputs drive four 
D-type latches that feature three-state outputs. 


LOGIC SYMBOL 


Ag Bo Ay By Ag Bo 


This LSI bus transceiver is fabricated using advanced low- Am2905 
power Schottky processing. All inputs (except the BUS in- 
puts) are one LS unit load. The open-collector bus output 
can sink up to 100 mA at 0.8V maximum. The BUS input 
differential amplifier contains disconnect protection diodes 
such that the bus is fail-safe when power is not applied. The 
bus enable input (BE) is used to force the driver outputs to 
the high-impedance state. When BE is HIGH, the driver is 
disabled. The open-collector structure of the driver allows 
wired-OR operations to be performed on the bus. . 
The input register consists of four D-type flip-flops with a 
buffered common clock and a two-input multiplexer at the 
input of each flip-flop. A common select input (S) controls 
the four multiplexers. When S is LOW, the Aj data is stored 
in the register and when S is HIGH, the Bj; data is stored. 
The buffered common clock (DRCP) enters the data into 
this driver register on the LOW-to-HIGH transition. 


BUS, BUS, 


Vec = Pin 24 
GND, =Pin6 
GND» =Pin18 


CONNECTION DIAGRAM 


Data from the A or B inputs is inverted at the BUS output. ; 
Top View 


Likewise, data at the BUS input is inverted at the receiver 
output. Thus, data is non-inverted from driver input to 
receiver output. The four receivers each feature a built-in 
D-type latch that is controlled from the buffered receiver 
latch enable (RLE) input. When the RLE input is LOW, the 
latch is open and the receiver outputs will follow the bus 
inputs (BUS data inverted and OE LOW). When the RLE 
input is HIGH, the latch will close and retain the present 
data regardless of the bus input. The four latches have three- 
state outputs and are controlled by a buffered common 
three-state control (OE) input. When OE is HIGH, the 
receiver outputs are in the high-impedance state. 


Am2905 


ORDERING INFORMATION 


Package Temperature Order 
Type Range Number 


Molded DIP O°C to +70°C AM2905PC 
Hermetic DIP 0°C to +70°C AM2905DC 
Dice 0°C to +70°C AM2905XC 
Hermetic DIP —55°C to +125°C AM2905DM 
Hermetic Flat Pak —55°C to +125°C AM2905FM 
Dice —55°C to +125°C AM2905XM 


Note: Pin 1 is marked for orientation. 
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Am2905 


LOGIC DIAGRAM 


BUS) BUS, BUS, BUS, 
e @ O O 


SELECT 


DRIVER 
CLOCK DRCP O 


BUS RECEIVER 


ENABLE BEO € jo———-O ALE LATCH 
ENABLE 


MPR-065 


MAXIMUM RATINGS (Above which the useful life may be impaired) 


Storage Temperature —65°C to +150°C 
Temperature (Ambient) Under Bias —55°C to +125°C 
Supply Voltage to Ground Potential —0.5V to +7V 
DC Voltage Applied to Outputs for HIGH Output State —0.5V to +Vocg max. 
DC Input Voltage —0.5V to +7V 
DC Output Current, Into Outputs (Except Bus) 30mA 
DC Output Current, Into Bus 200mA 
DC Input Current —30mA to +5.0mA 


ELECTRICAL CHARACTERISTICS 


The following conditions apply unless otherwise noted: 


Am2905XC (COM’L) Ta =0°C to +70°C VecMIN. =4.75V VocMAX. = 5.25V 
Am2905XM (MIL) Ta =—55°C to #125°C = VcCMIN. = 4.50V VocMAX. = 5.50V 


BUS INPUT/OUTPUT CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE 


Typ. 
Parameters Description Test Conditions (Note 1) Min. (Note 2) Max. Units 


lo, = 40mA 0.32 
VOL Bus Output LOW Voltage 


0.7 Volts 


Vcc = MIN. lol = 70mA 0.41 
lo = 100mA 0.55 


Bus Leakage Current sa, 
1 Vo = 4.5V 100 uA 


2.4 
2.3 


Volts 


: MIL 
VTH Receiver [Input HIGH Bus enable = 2.4V 
Threshold COM’L 
; MI 
VTL Receiver Input LOW Bus enable = 2.4V 
Threshold COM'L 
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NIN |] NX 
—s 
(o>) 


Volts 


Am2905 
ELECTRICAL CHARACTERISTICS 


The following conditions apply unless otherwise noted: 


Am2905XC (COM’L) Ta =0°Cto+70°C VecMIN.=4.75V) VeeMAXx. = 5.25V 
Am2905XM MIL) Ta =—85°C t0+125°C VocMIN.=4.50V VeGMAX. = 5.50V 


DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE 


Typ. 
Parameters Description Test Conditions (Note 1) Min. (Note 2) Max. Units 


Guaranteed input logical HIGH 
for all inputs 


N 
aa 
WwW) w 
AL A 


Vcc = VIN 
VIN = Vit or Vin 


Receiver Output 


Volts 
HIGH Voltage 


NO 
fh 


0.27 
0.32 
0.37 


Vec = MIN. 
VIN = Vit or Vi 


Receiver Output 
LOW Voltage 


Input HIGH Level! 
(Except Bus) 


VOH 
VOL Volts 
VIH 
Vv Input LOW Level 
IL 
Vi 
He 
iH 
Isc 


Volts 


COM'L 


Guaranteed input logical LOW 


: Volts — 
for all inputs 


(Except Bus) 


NO 
© 
Oo 
~ 


Input Clamp Voltage 
(Except Bus) 


Vcc = MIN., li“ = —18MA —1.5 Volts 


Input LOW Current 
(Except Bus) 


Vec = MAX., Vin = 0.4V 0.36 mA 


Vcc = MAX., Vin = 2.7V 


ale 
ro) 

e 

> 


Input HIGH Current 
(Except Bus) 

Input HIGH Current 
(Except Bus) 


zr 
& 


Vcc = MAX., Vin = 5.5V 
Receiver Off-State Vo =2.4V 


Vcc = MAX. 
Output Current Vo =0.4V 
Receiver Output Vcc = MAX. 12 
Short Circuit Current 


Power Supply Current Vcc = MAX., All inputs = GND 


SWITCHING CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE 


| 
c 
i= 
ig 


: 
> 


Am2905XM Am2905XC 
Typ. Typ. 
Parameters Description Test Conditions Min. (Note2) Max. Min. (Note2) Max. Units 


ae ny NS) 
| W&W = 


| 
o 


NO 
ee) 
NO 
o 


~ 
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_ 
|e 

~w 

s 

= 

WD] W 

E : 


EE 
=_— 
Q 
fo>) 


Ci (BUS) = 50pF 
R,_ (BUS) = 502 


26 
2 


23 
23 


: 
Be 


op) 


NO 
= 
a 
oO) 


— | ot 

GW} 

peje 
~“” 


N 
oO 


N) 
WO 


Ras) : 
fo) 


ié¥) 
ie) 
w& 
(o>) 


= 
©O 
(oe) 
~ 
W 
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Bus to Receiver Output 
(Latch Enable) 


34 


og 
a” 


N 
— 
[€8) 
~~ 
NO 


i) 


7.0 


2 
2 
2 


oO 


2 
2 


dh 
jo) 
_ 
pay 


—= — 
& Sy 
NO 
pele 
“” ” 


~2 
fb 


n 
2 


— | oo 
Bis 
ss 


NO 
sf 


Notes: 1. For conditions shown as MIN. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type. 
2. Typical limits are at Vec = 5.0V, 25°C ambient and maximum loading. 
3. Not more than one output shouid be shorted at a time. Duration of the short circuit test should not exceed one second. 
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INPUT/OUTPUT CURRENT 
INTERFACE CONDITIONS 


DRIVING OUTPUT 


DRIVEN INPUT 


Note: Actual current flow direction shown. 


TYPICAL PERFORMANCE CURVES 


Bus Output Low Voltage Receiver Threshold Variation 
Versus Ambient Temperature Versus Ambient Temperature 


1.0 


0.8 


| || tgug=70ma 
| 
i a 


| =40mA 
BUS 
fe a 


- 


Vo, — BUS OUTPUT VOLTAGE - VOLTS 


1.5 
—55 —-35-15 5 25 45 65 85 105 125 
Ta — AMBIENT TEMPERATURE — °C 


—55 -35 -15 5 25 45 65 85 105 125 
Ta — AMBIENT TEMPERATURE — °C 


V7 — RECEIVER THRESHOLD VOLTAGE — VOLTS 


SWITCHING WAVEFORMS 


DRIVER 
CLOCK 


ae = 


ov 
toLu—a "PHL rae 
BUS 
OUTPUT ———————_ 2.0V 


RECEIVER 
OUTPUT 


Note: Bus to Receiver output delay is measured by clocking data into the driver register 


and measuring the BUS to R combinatorial delay. 
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FUNCTION TABLE 


FUNCTION 


xX X Xx Zz Driver output disable 
Receiver output disable 


Driver output disable and receive data 
via Bus input 


Z = HIGH Impedance X = Don’t care i=0,1,2,3 
L = LOW NC = No change tT = LOW-to-HIGH transition 


DEFINITION OF FUNCTIONAL TERMS LOAD TEST CIRCUIT 


Ao, Ay, A2,A3 The “A” word data input into the two 
input multiplexer of the driver register. 


Bo, By, Bo>,B3 The ‘B” word data input into the two 
input multiplexers of the driver register. 


S Select. When the select input is LOW, the 
A data word is applied to the driver reg- 
ister. When the select input is HIGH, the 
B word is applied to the driver register. 


DRCP Driver Clock Pulse. Clock pulse for the 
driver register. 

BE Bus Enable. When the Bus Enable is HIGH, 
the four drivers are in the high impedance 
state. 


BUSp, BUS, The four driver outputs and receiver in- 
BUS, BUS; puts (data is inverted). 


Ro, R1, R2, R3 ~The four receiver outputs. Data from the 
bus is inverted while data from the A or B 
inputs is non-inverted. 


LE Receiver Latch Enable. When RLE is 
LOW, data on the BUS inputs is passed 
through the receiver latches. When RLE 
is HIGH, the receiver latches are closed 
and will retain the data independent of 
all other inputs. 


OE Output Enable. When the OE input is 
HIGH, the four three state receiver out- 
puts are in the high-impedance state. 


DIE SIZE 0.080” X 0.130” 
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APPLICATIONS 


A CONTROL 8B N 
CONTROL 


SCRATCHPAD 


MASTER 


ALU CONTROL 


OUT OUT 


ADDRESS 
REMOTE 
AND OPERATION 


DATA DISPLAY 


B CONTROL 


Am2905 Am2905 Am2905 


DATA ADDRESS CONTROL 
BUS BUS BUS 


The Am2905 is a universal Bus Transceiver useful for many system data, address, control and 
timing input/output interfaces. 


Am9080 1/0 DEVICES MEMORY 


D A 


= ase sar des aaa sere 


ADDRESS 


) a, | 


Using the Am2905 and Am26S10 in a terminated Bus system for the Am9080 MOS Microprocessor. 
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Quad Two-Input OC Bus Transceiver With Parity 


Distinctive Characteristics 


Quad high-speed LSI bus transceiver. 
Open-collector bus driver. 


@ Two-port input to D-type register on driver. 
Bus driver output can sink 100 mA at 0.8V max. 
Internal odd 4-bit parity checker/generator. 


FUNCTIONAL DESCRIPTION 


The Am2906 is a high-performance, low-power Schottky 
bus transceiver intended for bipolar or MOS microprocessor 
system applications. The device consists of four D-type 
edge-triggered flip-flops with a built-in two-input multiplexer 
on each. The flip-flop outputs are connected to four open- 
collector bus drivers. Each bus driver is internally con- 
nected to one input of a differential amplifier in the receiver. 
The four receiver differential amplifier outputs drive four 
D-type latches. The device also contains a four-bit odd 
parity checker/generator. 


This LSI bus transceiver is fabricated using advanced low- 
power Schottky processing. All inputs (except the BUS in- 
puts) are one LS unit load. The open-collector bus output 
can sink up to 100 mA at 0.8V maximum. The BUS input 
differential amplifier contains disconnect protection diodes 
such that the bus is fail-safe when power is not applied. The 
bus enable input (BE) is used to force the driver outputs to 
the high-impedance state. When BE is HIGH, the driver is 
disabled. The open-collector structure of the driver allows 
wired-OR operations to be performed on the bus. 


The input register consists of four D-type flip-flops with a 
buffered common clock and a two-input multiplexer at the 
input of each flip-flop. A common select input (S) controls 
the four multiplexers. When S is LOW, the A; data is stored 
in the register and when S is HIGH, the B; data is stored. 
The buffered common clock (DRCP) eaters the data into 
this driver register on the LOW-to-HIGH transition. 


Data from the A or B input is inverted at the BUS output. 
Likewise, data at the BUS input is inverted at the receiver 
output. Thus, data is non-inverted from driver input to 
receiver output. The four receivers each feature a built-in 
D-type latch that is controlled from the buffered receiver 
latch enable (RLE) input. When the RLE input is LOW, the 
latch is open and the receiver outputs will follow the bus 
inputs (BUS data inverted). When the RLE input is HIGH, 
the latch will close and retain the present data regardless of 
the bus input. 


The Am2906 features a built-in four-bit odd parity checker/ 
generator. The bus enable input (BE) controls whether the 
parity output is in the generate or check mode. When the 
bus enable is LOW (driver enabled), odd parity is generated 
based on the A or B field data input to the driver register. 
When BE is HIGH, the parity output is determined by the 
four latch outputs of the receiver. Thus, if the driver is en- 
abled, parity is generated and if the driver is in the high- 
impedance state, the BUS parity is checked. 


Receiver has output latch for pipeline operation. 
Receiver outputs sink 12 mA. 
Advanced low-power Schottky processing. 


100% reliability assurance testing in compliance with 
MIL-STD-883. 


LOGIC SYMBOL 


16 15 20 21 


Ap Bo Ay By Ag Bp Ag By 


ODD 


Ro 
DRCP 


Am2906 Ry 


Ro 


R3 


BUS, BUS» BUS3 


Vec = Pin 24 
GND, = Pin6 
GND» = Pin 18 


CONNECTION DIAGRAM 
Top View 


Am2906 


Note: Pin 1 is marked for orientation. 


ORDERING INFORMATION 


Order 
Number 


Package 
Type 


Temperature 
Range 


Molded DIP 0°C to +70°C AM2906PC 
Hermetic DIP 0°C to +70°C AM2906DC 
Dice 0°C to +70°C AM2906XC 
Hermetic DIP —55°C to +125°C AM2906DM 
Hermetic Flat Pak —55°C to +125°C _AM2906FM 
Dice —55°C to +125°C AM2906XM 
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LOGIC DIAGRAM 


BUS, BUS, 
CS O 


5 ODD 
PARITY 


SELECT 


ORIVER 
CLOCK 


BUS 


: == RECEIVER 
ENABLE <q RLE 


LATCH ENABLE 


MAXIMUM RATINGS (Above which the useful life may be impaired) 

Storage Temperature —65°C to +150°C 
Temperature (Ambient) Under Bias —55°C to +125°C 
Supply Voltage to Ground Potential —0.5V to +7V 
DC Voltage Applied to Outputs for H!GH Output State —0.5V to +Vaq max. 
DC Input Voltage —0.5V to +5.5V 
DC Output Current, Into Outputs (Except Bus) 30mA 
DC Output Current, Into Bus 200 mA 


nk eka UU O nnn NUNN DS 


DC Input Current —30mA to +5.0mA 


re 


ELECTRICAL CHARACTERISTICS 


The following conditions apply unless otherwise noted: 


Am2906XC (COM’L) Ta =O Cto+70°C Voc MIN. = 4.75V Vec MAX. = 5.25V 
Am2906XM (MIL) Ta =-55° Cto+125C Vec MIN. = 4.50V Vcc MAX. = 5.50V 


BUS INPUT/OUTPUT CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE 


Typ. 
Parameters Description Test Conditions (Note 1) Min. (Note 2) Max. Units 


Bus Leakage Current = 

1 Vo = 4.5V LA 
Vv Bus enable = 2.4V Vol 

Threshold Pag | : olts 
VTL Receiver Input LOW 

Threshold 


Bus Output LOW Voitage 


Bus Leakage Current 


Bus enable = 2.4V 
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ELECTRICAL CHARACTERISTICS 


The following conditions apply unless otherwise noted: 
Am2906XC (COM’L) Ta =0°C to +70°C Vec MIN. = 4.75V Vcc MAX. = 5.25V 
Am2906XM (MIL) Ta =—-55°C to +125°C = Vee MIN. 4.5V Vec MAX. = 5.5V 


DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE 


Typ. 
Parameters Description Test Conditions (Note 1) Min. (Note 2) Max. Units 


Receiver Output MIL OH = —1mA 
HIGH Voltage VIN = VIL Or Viy COM’L lOH = —2.6mA 
7 


VOH 


NO 
AS 
W 
f 


Vec = MIN. 


Volts 


NO 
ol 


eo) 
AS 


Ww 
aS 


Vcc = MIN. 
xcept Bus IN = VIL OF Vin 
Vin Input HIGH Level Guaranteed input logical HIGH 2.0 Volts 
(Except Bus) for all inputs 
VIL Input LOW Level Guaranteed input logical LOW Me oe Volts 
(Except Bus) for all inputs COM'L aaa Pe. OB. | 


Vec = MIN., tiny = —18MA 249 Volts 


Vv; Input Clamp Voltage 
(Except Bus) 
ie Input LOW Current 
(Except Bus) 
"WW Input HIGH Current 
(Except Bus) 
Input HIGH Current 
Vcc = MAX., Vin = 5.5V 
rf (Except Bus) ce 7 NIN 
Isc Output Short Circuit Current Vcc = MAX. 
(Except Bus) 


Power Supply Current Vcc = MAX., All inputs = GND 


SWITCHING CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE 


> 


Vcc = MAX., Ving = 0.4V —0.36 m 


Vcc = MAX., Vin = 2.7V 


d, 
De) 
ae 
io) 
x = 
5 


: 

N 

; 
rep) 
o 

3 3 

>| > 


Am2906XM Am2906XC 
hs Typ. Typ. 
Parameters Description Test Conditions Min. (Note2) Max. Min. (Note 2) Max. Units 


Driver Clock (DRCP) to Bus 


W —_ —_ 


Ci (BUS) = 50pF 
Ry, (BUS) = 502 


Bus Enable (BE) to Bus 


Data Inputs (A or B) 


Select Inputs (S) 
Clock Pulse Width (HIGH) 


Bus to Receiver Output 
(Latch Enabled) 
tPLH 
Latch Enable to Receiver Output 


A or B Data to Odd Parity Output 
(Driver Enabled) 


N 
ee) 


a) 
se) . 
-) 


ry 
(ee) 
5 
~w 
— 
ee) 
W 
£ 


ls 
= 
: 
~N 
2 
3 
Wlw 
£ 


BP 
—_ 


7.0 


BR 
—_ —_ 
& 
oO 
Be 
= | oo 

Wl w 
ele ¢ 


2 
— 
WIiw 
o 


w 
es 


fs 
= | o 
2 
—s 
[o>] 


Latch Enable (RLE) to 
Odd Parity Output 


sf 
—_ | = 


Notes: 1. For conditions shown as MIN, or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type. 
2. Typical limits are at Vec = 5.0V, 25°C ambient and maximum loading. 
3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 
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INPUT/OUTPUT CURRENT 
INTERFACE CONDITIONS 


DRIVEN INPUT DRIVING OUTPUT 


Note: Actual current flow direction shown. 


TYPICAL PERFORMANCE CURVES 


Bus Output Low Voltage Receiver Threshold Variation 
Versus Ambient Temperature Versus Ambient Temperature 


1.0 2.5 


0.8 


06 rT !pus = 100ma 2.1 
eee ome 
can +} 


Igus = 40mA as 
0 i a 


—55 -35 -15 5 25 45 65 85 105 125 
Tp — AMBIENT TEMPERATURE — °C 


0.2 


1.5 
—55 -35-15 5 25 45 65 85 105 125 


Ta — AMBIENT TEMPERATURE — a 6 


VoL — BUS OUTPUT VOLTAGE — VOLTS 

Vz — RECEIVER THRESHOLD VOLTAGE — VOLTS 
nN 
i=) 


SWITCHING WAVEFORMS 


DRIVER 
CLOCK 


———_——_____———— 0V 
ty ty a | 
3.0V 
A,BorsS 
INPUT —— 1.3V 


ov 
‘oLu—e PHL -— 
a VY 
BUS 
OUTPUT —_————_ 2.0V 


RECEIVER 
OUTPUT 


Note: Bus to Receiver output delay is measured by clocking data into the driver register 
and measuring the BUS to R combinatorial delay. 
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FUNCTION TABLE 


INTERNAL 
TO DEVICE jBus ore 
FUNCTION 
Driver output disable 


Receiver output disable 


Driver output disable and receive data 
via Bus input 


“ No driver clock restrictions 
Xx H Xx X X X X Xx 
xix} x |e;TxXxixdor xX | H x 
Drive Bus 
XX x a X » 4 H D4 L X 
Z = HIGH Impedance X = Don’t care i=0,1,2,3 
L = LOW NC = No change T = LOW-to-HIGH transition 


DEFINITION OF FUNCTIONAL TERMS LOAD TEST CIRCUIT 


Ag. Aj, A2,A3 The “A” word data input into the two 
input multiplexer of the driver register. 


Bo, By, By, B3 The “’B” word data input into the two 
input multiplexers of the driver register. 


$s Select. When the select input is LOW, the 
A data word is applied to the driver reg- 


ister, When the select input is HIGH, the CL 
. . . ‘ 15 pF 
B word is applied to the driver register. (NOTE 1) ii 
DRCP Driver Clock Pulse. Clock pulse for the + 
driver register. ee 
) 


BE Bus Enable. When the Bus Enable is HIGH, 
the four drivers are in the high impedance 
State. 

BUSp, BUS, The four driver outputs and receiver in- 


BUS,, BUS, puts (data is inverted). 


Ro, Ri, R2, R3 The four receiver outputs. Data from the 
bus is inverted while data from the A or B 
inputs is non-inverted. 


LE Receiver Latch Enable. When RLE is 
LOW, data on the BUS inputs is passed 
through the receiver latches. When RLE 
is HIGH, the receiver latches are closed 
and will retain the data independent of 
all other inputs. 


OE Output Enable. When the OE input is 
HIGH, the four three state receiver out- 
puts are in the high-impedance state. 


DIE SIZE 0.080” X 0.130” 
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APPLICATIONS 


SELECT 


CLOCK 


Am2906 


Am2906 Am2906 


BUS 
ENABLE 


LATCH 
ENABLE 


BUS PARITY 


ODD/EVEN 
CONTROL 
L = EVEN 
H = ODD 


P, Pp Pa Pq Ps Pg P7 Pg Pg 
Am82S62 


EVEN 


CHECK 
PARITY OUTPUT 


Generating or checking parity for 16 data bits. 


Am9080 1/0 DEVICES MEMORY 


| ans Faso | F anzos | F anzos | | aos | fanz F anzos | | anzosia | 
sil a ETTiTit i | i i | 7 


ae Sea a aaa 


ADDRESS 


| ee | See 


Using the Am2906 and Am26S10 in a terminated Bus system for the Am9080 MOS Microprocessor. 
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Quad Bus Transceiver With Three-State Receiver And Parity 


Distinctive Characteristics 


Quad high-speed LS! bus-transceiver 
Open-collector bus driver 

D-type register on driver 

Bus driver output can sink 100 mA at 0.8 V max. 
Internal odd 4-bit parity checker/generator 


FUNCTIONAL DESCRIPTION 


The Am2907 is a high-performance, low-power Schottky bus 
transceiver intended for bipolar or MOS microprocessor system 
applications. The device consists of four D-type edge-triggered 
flip-flops. The flip-flop outputs are connected to four open- 
collector bus drivers. Each bus driver is internally connected 
to one input of a differential amplifier in the receiver. The 
four receiver differential amplifier outputs drive four D-type 
latches, that feature three-state outputs. The device also con- 
tains a four-bit odd parity checker/generator. 


This LSI bus transceiver is fabricated using advanced low- 
power Schottky processing. All inputs (except the BUS inputs) 
are one LS unit load. The open-collector bus output can sink 
up to 100 mA at 0.8 V maximum. The BUS input differential 
amplifier contains disconnect protection diodes such that the 
bus is fail-safe when power is not applied. The bus enable input 
(BE) is used to force the driver outputs to the high-impedance 
state. When BE is HIGH, the driver is disabled. The open- 
collector structure of the driver allows wired-OR operations to 
be performed on the bus. 


The input register consists of four D-type flip-flops with a 
buffered common clock. The buffered common clock (DRCP) 
enters the Aj data into this driver register on the LOW-to-HIGH 
transition. 


Data from the A input is inverted at the BUS output. Like- 
wise, data at the BUS input is inverted at the receiver output. 
Thus, data is non-inverted from driver input to receiver output. 
The four receivers each feature a built-in D-type latch that is 
controlled from the buffered receiver latch enable (RLE) input. 
When the RLE input is LOW, the latch is open and the receiver 
outputs will follow the bus inputs (BUS data inverted and OE 
LOW). When the RLE input is HIGH, the latch will close and 
retain the present data regardless of the bus input. The four 
latches have three-state outputs and are controlled by a 
buffered common three-state control (OE) input. When OE is 
HIGH, the receiver outputs are in the high-impedance state. 


The Am2907 features a built-in four-bit odd parity checker/ 
generator.. The bus enable input (BE) controls whether the 
parity output is in the generate or check mode. When the bus 
enable is LOW (driver enabled), odd parity is generated based 
on the A field data input to the driver register. When BE is 
HIGH, the parity output is determined by the four latch out- 
puts of the receiver. Thus, if the driver is enabled, parity is 
generated and if the driver is in the high-impedance state, the 
BUS parity is checked. 


e Receiver has output latch for pipeline operation 

e Three-state receiver outputs sink 12 mA 

e Advanced Low-Power Schottky processing 

100% reliability assurance testing in compliance with 
MIL-STD-883 


LOGIC SYMBOL 


Vec= Pin 20 
GND, = Pin5 
GND»5 = Pin 15 


CONNECTION DIAGRAMS 
Top Views 


Am2907 


Note: Pin 1 is marked for orientation. 


ORDERING INFORMATION 


Package Temperature Order 

Type Range Number 
Molded DIP 0°C to +70°C AM2907PC 
Hermetic DIP 0°C to +70°C AM2907DC 
Dice 0°C to +70°C AM2907XC 
Hermetic DIP -55°C to +125°C AM2907DM 
* Hermetic Flat Pak -55°C to +125°C AM2907FM 
Dice -55°C to +125°C AM2907XM 


x : : 
Available on special order 
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LOGIC DIAGRAM 


Mb == OUTPUT 


OOF CONTROL 


O PARITY 


ORIVER 
cLock PRCPO 
Bus J ___ RECEIVER 
BE O O ORLE LATCH 
ENABLE ENABLE 


MAXIMUM RATINGS (Above which the useful life may be impaired) 
Storage Temperature -65°C to +150°C 


Temperature (Ambient) Under Bias -55°C to +125 C 
Supply Voltage to Ground Potential ; -0.5Vtot7V 
DC Voltage Applied to Outputs for HIGH Output State -0.5 V to +VccC max. 
DC Input Voltage ~0.5 V to +5.5 V 
DC Output Current, Into Outputs (Except BUS) 30 mA 
DC Output Current, Into Bus 200 mA 
DC Input Current -30 mA to +5.0 mA 


ELECTRICAL CHARACTERISTICS 


The following conditions apply unless otherwise noted: 


Am2907XC (COM'L) Ta =O°Cto+70°C Vcc MIN. = 4.75V Veco MAX. = 5.25V 
Am2907XM (MIL) Ta =-—55°Cto+125°C VecMIN. = 4.50V Vec MAX. = 5.50V 
BUS INPUT/OUTPUT CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE 
Typ. 
Parameters Description Test Conditions (Note 1) Min. (Note 2) Max. Units 


lo, = 40mA 
Bus Output LOW Voltage Vcc = MIN. lop = 70mMA 
lop = 100mA 


Bus Leakage Current 
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Am2907 
ELECTRICAL CHARACTERISTICS 


The following conditions apply unless otherwise noted: 


Am2907XC (COM'L) Ta =O Cto+70°C Vcc MIN. = 4.75V Voc MAX. = 5.25V 

Am2907XM (MIL) Ta =—55°Cto+125°C =Vee MIN. = 4.50V Voc MAX. = 5.50V 

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE | 

Parameters Description Test Conditions (Note 1) Min. Typ. (Note 2) Max. Units 


Receiver 
Output HIGH Voltage 
Parity 


Volts 


vere 


VOH 


Voc = MIN. MIL: Igy = -1mA 
Vin = Vitor Ving | COM'‘L: toy = -2.6mA 
Veo MW, Ton = =B50iA 


3.4 
3.4 
3.4 
3.4 


VOH 7 
Output HIGH Voltage Vin = Vin or Vie a ae 
27 
Output LOW Voltage Vcc = MIN. 
VOL (E _ 0.32 0.45 Volts 
xcept Bus) Vin = Vit or Vin 
0.37 0.5 


Guaranteed input logical HIGH 


Input HIGH Level 
Input LOW Level 
Input Clamp Voltage 
Input LOW Current 


Input HIGH Current 


for all inputs 


Guaranteed input logical LOW 
COM'L 


vf 
a 


a UA 
eel 


: SWITCHING CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE 


for all inputs Ht een 


4 


Vcc = MIN., lj = -18mMA 


Vcc = MAX., Vin = 0.4 V 


VIH 
ViL 
Vi 
Ne 
1H 


I Vcc = MAX., Vin = 2.7 V 


(Except Bus) 


Input HIGH Current 


V =MAX., Vin = 5.5 V 
(Except Bus) ce uy 


Output Short Circuit 
Current (Except Bus) 
Power Supply Current 


Off-State Output Current 
(Receiver Outputs) 


—12 


Isc 
icc 


Vec = MAX., All Inputs = GND 


Am2907XM Am2907XC 
, Typ. Typ. 
Parameters Description Test Conditions Min. (Note2) Max. Min. (Note2) Max. Units 


N 


2 


— 
wo 
o 


tPHL | 

Driver Clock (DRCP) to Bus 
tPLH 
tPHL a 

Bus Enable (BE) to Bus 
tPLH 


Clock Pulse Width (HIGH) 


Bus to Receiver Output 
(Latch Enabled) 


NO 


aij 


C. (BUS) = 50pF 
R,_ (BUS) = 502 


NO 
= 


a 
W | ©& 


[) 


2 
26 


23 
23 


NO 
oi 
NO 
ies) 


=] 
a 


NO 
o1 
3 
a 


NS 
j=) 


ts 
th 

»  tpw 
tPLH 
tPHL 
tPLH 
tPHL 


ts on 
ih Bus to Latch Enable (RLE) 
tPLH A Data to Odd Parity Out 
tPpHL (Driver Enabled) 


tPLH Bus to Odd Parity Out 
tPHL (Driver Inhibit) 


tPLH Latch Enable (RLE) to Odd 
tPHL Parity Output . 


tZH 
Output Control to Output 
0 é 0 Cy =5.0pF 
utput Control to Output 
tLz ‘ r Ry = 2.0k2 


Notes: 1. For conditions shown as MIN. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type. 
2. Typical limits are at Voc = 5.0V, 25°C ambient and maximum loading. 
3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 


NO 
ee) 


= 
© 
Ww 


NO 
w 


WW) wi Ww] w& 
NTN INI N 


Latch Enable to Receiver Output 


NO 


7.0 


Ol] 

oO} 
—s = mh 
(oe) Ww] Ww 


le 
ht 
Sn 


ehh 
— | = 
NO 
— 
Ww 
oO;1n 


NO 
N 
— 
w 
o>) 


2 
— 
N> 
— 


_ 
Ww 


BEE 
—_ 
NO Ww 
1°) o> a ep) 


w 


— | 
NTN 
co | & 


=| — 
fis 


N 
oO 


- 
N 
- 


s 
a 
N 


25 
25 


14 


BSS 
NTN 
le 
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INPUT/OUTPUT CURRENT 
INTERFACE CONDITIONS 


DRIVEN INPUT DRIVING OUTPUT 


Note: Actual current flow direction shown. 


TYPICAL PERFORMANCE CURVES 


Bus Output Low Voltage Receiver Threshold Variation 
Versus Ambient Temperature Versus Ambient Temperature 


1.0 2.5 
gle 


Beene 
eT TTT 


15 
—55 -35-15 5 25 45 65 85 105 125 
Tp — AMBIENT TEMPERATURE — °C 


2) 
we 
- 
Oo 
> 
| 
us 
g 
< 
a 
4 
Lo) 
> 
i 
> 
o 
Ee 
2 
io) 
” 
2 
a 
i 
a 
oO 
> 


—55 -35 -15 5 25 45 65 85 105 125 
Ta — AMBIENT TEMPERATURE — i 


Vy — RECEIVER THRESHOLD VOLTAGE — VOLTS 


SWITCHING WAVEFORMS 


DRIVER 
CLOCK 


A INPUT 


RECEIVER 
OUTPUT 


Note: Bus to Reciever output delay is measured by clocking data into the driver register 
and measuring the BUS to R combinatorial delay. 
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TRUTH TABLE 


FUNCTION 


X Receiver output disable 


Driver output disable and receive data 
via Bus input 


Latch received data 


X 

xX 

Xx X L X Xx L x H 

X Xx L xX X H Xx L 
H = HIGH Z = High impedance X = Don’t Care i= 0, 1, 2,3 
L= LOW NC = No Change f = LOW-to-HIGH Transition 


<x x 
. 
= 
© 
ee] 

Cc 
77) 


PARITY OUTPUT FUNCTION TABLE LOAD TEST CIRCUIT 


ODD PARITY OUTPUT 
ODD = Ag ® Aj ® A2 ® Ag 
ODD = Qo ® Q; © Q2 © Q3 


R 
Am2907 OR 
PARITY 


CL 
15pF 
(NOTE 1) 


DEFINITION OF FUNCTIONAL TERMS 


DRCP Driver Clock Pulse. Clock pulse for the driver register. 


BE Bus Enable. When the Bus Enable is LOW, the four 
drivers are in the high impedance state. 


BUSg, BUS;, BUS2, BUS3 The four driver outputs and 
receiver inputs (data is inverted). 


Ro, Ri, Ro, R3 The four receiver outputs. Data from the 
_bus is inverted while data from the A or B inputs is non- 
inverted. 


RLE Receiver Latch Enable. When RLE is LOW, data on the 
BUS inputs is passed through the receiver latches. When RLE 
is HIGH, the receiver latches are closed and will retain the 
data independent of all other inputs. 


ae Sil j 
aS ASS af 


=== 
Y 


ODD Odd parity output. Generates parity with the driver lara a 
enabled, checks parity with the driver in the high-impedance ; oe 


state. 


OE Output Enable. When the OE input is HIGH, the four 
three-state receiver outputs are in the high-impedance state. 


DIE SIZE 0.088” X 0.103" 
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APPLICATIONS 


A 


Am2907 
ADDRESS REGISTER 


BUS 


Am2918 
STATUS REGISTER 


A 


Am2907 
DATA BUS LEY 
REGISTER 


R 


FLAGS Y 


A 


1/0 Am2909 
BUS BUS Am2907 MICROPROGRAM I Am2901 
SEQUENCER BIPOLAR 


R MICROPROCESSOR 


D 


ROM/PROM 
MICROCODE 


Am2918 
MICROWORD 
REGISTER 


The Am2907 can be used as an !/O Bus Transceiver and Main Memory |/O Transceiver 
in high-speed Microprocessor Systems. 


Am2907 


Am9080 1/0 DEVICES MEMORY 


} anes Am26S10 Am2907 Panay Am26S10 Am2907 fanaa | fans | 
Am26S10 Fnac | ET TITTTT | | | | | T 


eee. eee eee 


fo UG 


ADDRESS 


CONTROL 


Using the Am2907 and Am26S10 in a terminated Bus system for the Am9080 MOS Microprocessor. 
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Am2915A 


Quad Three-State Bus Transceiver With Interface Logic 


Distinctive Characteristics 


Quad high-speed LSI bus-transceiver 
Three-state bus driver 

Two-port input to D-type register on driver 

Bus driver output can sink 48mA at 0.5V max. 
Receiver has output latch for pipeline operation 


FUNCTIONAL DESCRIPTION 


The Am2915A is a high-performance, low-power Schottky bus 
transceiver intended for bipolar or MOS microprocessor system 
applications. The device consists of four D-type edge-triggered 
flip-flops with a built-in two-input multiplexer on each. The 
flip-flop outputs are connected to four three-state bus drivers. 
Each bus driver is internally connected to the input of a 
receiver. The four receiver outputs drive four D-type latches 
that feature three-state outputs. 


-This LSI bus transceiver is fabricated using advanced low- 


power Schottky processing. All inputs (except the BUS inputs) 
are one LS unit load. The three-state bus output can sink up 
to 48mA at 0.5V maximum. The bus enable input (BE) is 
used to force the driver outputs to the high-impedance state. 
When BE is HIGH, the driver is disabled. The Voy and Vo, of 
the bus driver are selected for compatibility with standard and 
Low-Power Schottky inputs. 


The input register consists of four D-type flip-flops with a 
buffered common clock and a two-input multiplexer at the 
input of each flip-flop. A common select input (S) controls the 
four multiplexers. When S is LOW, the Aj data is stored in the 
register and when Sis HIGH, the Bj data is stored. The buffered 
common clock (DRCP) enters the data into this driver register 
on the LOW-to-HIGH transition. 


Data from the A or B inputs is inverted at the BUS output. 
Likewise, data at the BUS input is inverted at the receiver out- 
put. Thus, data is non-inverted from driver input to receiver 
output. The four receivers each feature a built-in D-type latch 
that is controlled from_the buffered receiver latch enable 
(RLE) input. When the RLE input is LOW, the latch is open 
and the receiver outputs will follow the bus inputs (BUS data 
inverted and OE LOW). When the RLE input is HIGH, the 
latch will close and retain the present data regardless of the 
bus input. The four latches have three-state outputs and are 
controlled by a buffered common three-state control (OE) 


input. When OE is HIGH, the receiver outputs are in the high- | 


impedance state. 


ORDERING INFORMATION 


Package Temperature Order 
Type Range Number 


Molded DIP 0°C to +70°C AM2915APC 


Hermetic DIP O°C to +70°C AM2915ADC 
Dice O°C to +70°C AM2915AXC 
Hermetic DIP —55°C to +125°C AM2915ADM 
Hermetic Flat Pak —55°C to +125°C AM2915AFM 
Dice —55°C to +125°C AM2915AXM 
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@ Three-state receiver outputs sink 12mA 

@ Advanced low-power Schottky processing 

@ 100% reliability assurance testing in compliance with 
MIL-STD-883 | 

@ 3.5V minimum output high voltage for direct inter- 
face to MOS microprocessors 


LOGIC SYMBOL 


4 3 8 9 16 15 20 21 


Ag Bo Ay By Ag Bo 


Am2915A 


22 


BUS; BUS, 


Vec = Pin 24 
GND, =Pin6 
GND» = Pin 18 


CONNECTION DIAGRAM 
Top View 


Am2915A 


Note: Pin 1 is marked for orientation. 


Am2915A 


LOGIC DIAGRAM 


BUSg BUS, BUS, BUS3 
O O O O 


SELECT sO 


DRIVER 
CLOCK DRCP © 


BUS = RECEIVER 


ENABLE BEO € lo——_O RLE LATCH 
ENABLE 


MPR-161 


MAXIMUM RATINGS (Above which the useful life may be impaired) 


Storage Temperature —65°C to +150°C 
Temperature (Ambient) Under Bias —55°C to +125°C 
Supply Voltage to Ground Potential —0.5V to +7V 
DC Voltage Applied to Outputs for HIGH Output State —0.5V to +Vgc max. 
DC Input Voltage —0.5V to +7V 
DC Output Current, Into Outputs (Except Bus) 30mMA 
DC Output Current, Into Bus 100mA 
DC Input Current —30mA to +5.0mA 


ELECTRICAL CHARACTERISTICS 


The following conditions apply unless otherwise noted: 


Am2915AXC (COM’L) Ty =O0°Ctot+70°C. VocMIN. =4.75V. VecMAX. = 5.25V 

Am2915AXM (MIL) Ta =—55°C to+125°C } =9VGCMIN.=4.50V VeCcMAX. = 5.50V 

BUS INPUT/OUTPUT CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE 

Parameters Description Test Conditions (Note 1) Typ. Max. Units 


lol = 24mA 


Min. 
Bus Output LOW Voltage Vec = MIN. Lo el 
Ton =48ma [i 
COM'L, IQH = —20mA 
VOH Bus Output HIGH Voltage Vec = MIN. 
MIL, 1QH = —15mA 


2 ei 


| Volts | 
COM'L 


uA 

LA 
2.0 . 
La] 


Vo =04V 


Bus Leakage Current Vcc = MAX. 


(High Impedance) 


Vo =2.4V 
Bus enable = 2.4V 


| Vo =4.5V 


lOFF Bus Leakage Current Vo =4.5V 
(Power OFF) Veo = OV | 
V 


Bus enable = 2.4V 


Receiver Input LOW Threshold 


Vcc = MAX. 


—120 —225 
Vo =0V 


Bus Output Short Circuit Current 
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Am2915A 
ELECTRICAL CHARACTERISTICS 


The following conditions apply unless otherwise noted: 


Am2915AXC (COM‘'L) Ta =O Cto+70°C VecMIN. =4.75V  VecMAX. = 5.25V 

Am2915AXM (MIL) Ta =—55°Cto+125°C VecMIN.=4.50V VcecMAX. = 5.50V 

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE Typ. 

Parameters Description Test Conditions (Note 1) Min. (Note 2) Max. Units 


Receiver 
Output HIGH Voltage 


Vec = MIN. MIL: IoyH = —1.0mMA 2.4 
Vin = Vitor Vin COM'L: Ioy = —2.6mA 2.4 
Voc = 5.0V, lo = —100uA ee tl 


Output LOW Voltage Vcc = MIN. 


(Except Bus) Vin = Vit or Vin 


Vin Input HIGH Level 
(Except Bus) 
IL 


V Input LOW Level Guaranteed input logical LOW 
(Except Bus) for all inputs COM’'L 


Guaranteed input logical HIGH 
for ail inputs 


[e¥) 
oa 
oO; s 
Ww 
NY 


Input Clamp Voltage (Except Bus) Voc = MIN., lin = —18MA 


BE, RLE 

Input LOW Current (Except Bus) Voc = MAX., Vin = 0.4V BERLE | 
All other inputs 

| lH | Input HIGH Current (Except Bus) | Voc = MAX., Vin = 2.7V 


= 
> 


Input HIGH Current (Except Bus) Voc = MAX., Vin = 7.0V 


Output Short Circuit Current Vcc = MAX —30 
(Except Bus) 


Power Supply Current Vcc = MAX. 


z Vo = 2.4V 
Off State Output Current Voc = MAX. O 
(Receiver Outputs) Vo =0.4V 


3 
> 


:~ 


oo 
w 
° 
3 


SWITCHING CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE 
Am2915AXM 


Typ. 
(Note 2) 


Am2915AXC 


Typ. 


Parameters Description Test Conditions Max. Min. (Note2) Max. 


tPHL 
Driver Clock (DRCP) to Bus 
tPLH 
t2H, t2L — 
Bus Enable (BE) to Bus 
tH2.tLz 
Data Inputs (A or B) 
Select Input (S) 


Driver Clock (DRCP) Pulse Width 
(HIGH) , 


tPLH Bus to Receiver Output 
tPHL (Latch Enable) 
tPLH 
Latch Enable to Receiver Output 
tPHL 


Bus to Latch Enable (RLE) 


C,_ (BUS) = SOpF 
R,__ (BUS) = 1302 


th 
th 
PW 


t 


Cy = 15pF 
R~_ = 2.0k2 


a= 


t2H, t2L 
tHz, tLz 


2.- Typical limits are at Vcc = 5.0V, 25°C ambient and maximum loading. 
3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 
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Am2915A 


INPUT/OUTPUT CURRENT 
INTERFACE CONDITIONS 


DRIVEN INPUT BUS DRIVING OUTPUT 


eet 


O OUTPUT, ODD 


< 


ZN 


\/ 
\/ 


Note: Actual current flow direction shown. 


SWITCHING TEST CIRCUIT 


INPUT A R 
OR Am2915A OR 
ODD 


INPUT B 


*C, = 15pF for tpLH. tPHL, 
tZL,tZH 
Cy = SpF for tyz, tLz 


SWITCHING WAVEFORMS 


DRIVER 
CLOCK 


— ee dV 
t, th - | 
3.0V 
A,BorsS 
INPUT ————_ 1.3V 


OV 
Lue tPHL — 
BUS 
OUTPUT ———_—_————. 2.0V 
VoL 
PHL PLH i 
VOH 
RECEIVER 
———— 1.3V 
QUTPUT 1.3 


Note: Bus to Reciver output delay is measured by clocking data into the driver register 
and measuring the BUS to R combinatorial delay. 
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Am2915A 


FUNCTIONAL TABLE 


FUNCTION 


Driver output disable 


Receiver output disable 


wo 
Cc 
“ 


Driver output disable and receive data 
via Bus input 


Latch received data 


Load driver register 


pl =|} 


pee x 
x K 
ele >| 


Peck 
x KX KK XX 
x xX XK KIL 
px x x 


x KX KX KK 


alee 


X 
X 
xX 
X 
X 


4 
N 

oa eeu ee ss ‘ . ‘ : No driver clock restrictions 

xX|XIxX H Xx X X NC Xx | 

xX} XxX xX L xX X L X 

Drive Bus 

xX! XI] xX X L Xx XxX H Xx 
HIGH Zz HIGH Impedance x Don’t Care i = 0,1, 2,3 
No Change t LOW-to-HIGH Transition 


ez] xx x x 


oil 
tot 


uo 
= 
e) 
= 
Zz 
O 


DEFINITION OF FUNCTIONAL TERMS 


Ago, Ay, A2, Az The “A” word data input into the two 


input multiplexer of the driver register. 


the four drivers are in the high impedance 
state. 


DIE SIZE .074” X .130” 


BUS,, BUS, 
BUS5, BUS3 
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The four driver outputs and receiver in- 
puts (data is inverted). 


Bo, Bj, Bo, B3 The ‘BY’ word data input into the two Ro, R1, R2, R3 ~The four receiver outputs. Data from-the 
input multiplexers of the driver register. bus is inverted while data from the A or B 
S Select. When the select input is LOW, the a PUES Henn Overted: 
A data word is applied to the driver reg- LE Receiver Latch Enable. When RLE is 
ister. When the select input is HIGH, the LOW, data on the BUS inputs is passed 
B word is applied to the driver register. through the receiver latches. When RLE 
is HIGH, the receiver latches are closed 
DRCP Driver Clock Pulse. Clock pulse for the and will retain the data independent of 
driver register. all other inputs. 
BE Bus Enable. When the Bus Enable is HIGH, OE Output Enable. When the OE input is 


HIGH, the four three state receiver out- 
puts are in the high-impedance state. 


Am2915A 


APPLICATIONS 


A CONTROL 8B 


tN 
CONTROL 


MASTER 


ALU CONTROL 


SCRATCHPAD 


OUT OUT 


ADDRESS 
AND 
DATA DISPLAY 


REMOTE 
OPERATION 


B CONTROL 


Am2915A 


Am2915A Am2915A 


DATA ADDRESS CONTROL 
BUS BUS 


The Am2915A is a universal Bus Transceiver useful for many system data, address, control and 
timing input/output interfaces. 


1/0 DEVICES MEMORY 


| cas Paneras | Fanaa | Fanci | Fane | F ancoia| F ancsen | Favors | 
an rm EITITitl i i | i i | 


a ae SES Tae 


ADDRESS 


| i: en 


Using the Am2915A and Am8T26 in a terminated Bus system for the Am9080 MOS Microprocessor. 
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Am2916A 


Quad Three-State Bus Transceiver With Interface Logic 


Distinctive Characteristics 


@ Quad high-speed LSI bus-transceiver @ Receiver outputs sink 12mA 

@ Three-state bus driver @ Advanced low-power Schottky processing 

@ Two-port input to D-type register on driver @ 100% reliability assurance testing in compliance with 
@ Bus driver output can sink 48mA at 0.5V max. MIL-STD-883 

@ Internal odd 4-bit parity checker/generator @ 3.5V minimum output high voltage for direct inter- 
@ Receiver has output latch for pipeline operation face to MOS microprocessors 


LOGIC SYMBOL 


20 21 


FUNCTIONAL DESCRIPTION 


The Am2916A is a high-performance, low-power Schottky 
bus transceiver intended for bipolar or MOS microprocessor 
system applications. The device consists of four D-type edge- 
triggered flip-flops with a built-in two-input multiplexer on 
each. The flip-flop outputs are connected to four three-state 
bus drivers. Each bus driver is internally connected to the 
input of a receiver. The four receiver outputs drive four D-type 
latches. The device also contains a tour-bit odd parity checker/ 
generator. 


16 15 


A3 B3 


ODD 


Ro 


Am2916A Ry 


Ro 


The LSI bus transceiver is fabricated using advanced low-power 
Schottky processing. All inputs (except the BUS inputs) 
are one LS unit load. The three-state bus output can sink 
up to 48mA at 0.5V maximum. The bus enable input (BE) is 
used to force the driver outputs to the high-impedance state. 


When BE is HIGH, the driver is disabled. 


The input register consists of four D-type flip-flops with a 
buffered common clock and a two-input multiplexer at the 
input of each flip-flop. A common select input (S) controls 
the four multiplexers. When S is LOW, the Aj data is stored 
in the register and when S is HIGH, the Bj data is stored. The 
buffered common clock (DRCP) enters the data into this 
driver register on the LOW-to-HIGH transition. 


R3 


BUS, BUS) BUS3 


Vec= Pin 24 
GND, =Pin6& 
GND»9 = Pin 18 


CONNECTION DIAGRAM 
Top View 


Data from the A or B input is inverted at the BUS output. 
Likewise, data at the BUS input is inverted at the receiver out- 
put. Thus, data in non-inverted from driver input to receiver 
output. The four receivers each feature a built-in D-type latch 
that is controlled from the buffered receiver latch enable 
(RLE) input. When the RLE input is LOW, the latch is open 
and the receiver outputs will follow the bus inputs (BUS data 
inverted). When the RLE input is HIGH, the latch will close 
and retain the present data regardless of the bus input. 


Am2916A 


The Am2916A features a built-in four-bit odd parity checker/ 
generator. The bus enable input (BE) controls whether the 
parity output is in the generate or check mode. When the bus 
enable is LOW (driver enabled), odd parity is generated based 
on the A or B field data input to the driver register. When BE 
is HIGH, the parity output is determined by the four latch 
outputs of the receiver. Thus, if the driver is enabled, parity is 
generated and if the driver is in the high-impedance state, the 
BUS parity is checked. 


Note: Pin 1 is marked for orientation. 


ORDERING INFORMATION 


Package Temperature Order 
Type Range Number 


Molded DIP 0°C to +70°C AM2916APC 
Hermetic DIP 0°C to +70°C AM2916ADC 
Dice 0°C to +70°C AM2916AXC 
Hermetic DIP —55°C to +125°C AM2916ADM 
Hermetic Flat Pak —55°C to +125°C AM2916AFM 
Dice —55°C to +125°C AM2916AXM 
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Am2916A 


LOGIC DIAGRAM 


BUS, BUS; BUS2 BUS, 
O O 2 © 


4 ODD 
PARITY 


SELECT 
DRIVER 
CLOCK 


BUS =< RECEIVER 
ENABLE O€T—O RLE CATCH ENABLE 


MAXIMUM RATINGS (Above which the useful life may be impaired) 


Storage Temperature —65°C to +150°C 
Temperature (Ambient) Under Bias —55°C to +125°C 
Supply Voltage to Ground Potential —0.5V to +7V 
DC Voltage Applied to Outputs for HIGH Output State —0.5V to +Vcecq max. 
DC Input Voltage —0.5V to +7V 
DC Output Current, Into Outputs (Except Bus) 30mA 
DC Output Current, Into Bus 100mA 
DC Input Current —30mA to +5.0mA 


ELECTRICAL CHARACTERISTICS 


The following conditions apply unless otherwise noted: 


Am2916GAXC (COM'L) Ta =0°Cto+70°C VecMIN. =4.75V  VecMAX. = 5.25V 

Am2916AXM (MIL) Ta = 55°C to+125°C = VocMIN.=4.50V  VcocMAX. = 5.50V 

BUS INPUT/OUTPUT CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE 

Parameters Description Test Conditions (Note 1) Min. Typ. Max. Units 


Volts 


lo. = 24mA 
VoL Bus Output LOW Voltage Vec = MIN. 
COM'L, IoH = —20mA 
VOH Bus Output HIGH Voltage Vec = MIN. 2.4 Volts 
MIL, loH = —15mMA 


Vo =04V —200 
Vo =2.4V 
Vo =4.5V 


Vcc = MAX. 
Bus enable = 2.4V 


Bus Leakage Current 
(High Impedance) 


lOFF Bus Leakage Current Vo =4.5V 
(Power OFF) Vec = OV 
Receiver input HIGH Threshold Bus enable = 2.4V 70 


COM’L 
MIL 


10 


100 


‘= 
> 


:= 
p] 


Volts 


o 
~ 


C 


Bus enable = 2.4V 


Vcc = MAX. 
Isc Bus Output Short Circuit Current 
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Volts 


Am2916A 
ELECTRICAL CHARACTERISTICS 


The following conditions apply unless otherwise noted: 


Am2916AXC (COM’L) Ta, =0°Cto+70°C VocMIN.=4.75V  VogMAX. = 5.25V 

Am2916A XM (MIL) Ta =—55 C to +125°C == VeGMIN.=4.50V VeGMAX. = 5.50V 

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE TW. 

Parameters Description Test Conditions (Note 1) Min. (Note 2) Max. Units 


. Vec = MIN. MIL: loy =—1.0mA 2.4 3.4 
VOH peceler Vin = Vit or Vin COM'L: Igy = —2 6mA | 2.4 3.4 Volts 
Output HIGH Voltage peas : : 
Vcc = 5.0V, loH = —100ynA SD 
Vou Parity Vcc = MIN., lon = —660uA 
Output HIGH Voltage VIN = Vin or Vin 


Output LOW Voltage Voc = MIN. 
(Except Bus) Vin = Vit or Vin 


lot =8.0mMA 


Io, = 12mA 


Input HIGH Level 
(Except Bus) 


Guaranteed input logical HIGH 20 i 
for all inputs : 


Guaranteed input logical LOW MIL 0.7 isis 
for all inputs COM’'L 0.8 


Vec = MIN., yyy = -18MA —1.2 Volts 


Input LOW Level 
(Except Bus) 


BE,RLE —0.72 
Vcc = MAX., Vin =0.4V mA 
All other inputs —0.36 
Vcc = MAX., Vin = 2.7V 20 uA 
Voc = MAX., Viny = 7.0 V 100 uA 
Output Short Circuit Current Vcc = MAX. RECEIVER —30 —130 er 


(Except Bus) PARITY 


Vcc = MAX., All Inputs = GND 


SWITCHING CHARACTERISTICS OVER 
OPERATING TEMPERATURE RANGE 


Am2916AXM 


Typ. 
Min. (Note2) Max. 


Am2916AXC 


Typ. 


Test Conditions Min. (Note 2) Max. 


C. (BUS) = 50pF 
R,_ (BUS) = 1302 


Parameters Description 


Driver Clock (DREP) to Bus 


Bus Enable (BE) to Bus 


Data Inputs (A or B) 


Select Inputs (S) 


Clock Pulse Width (H!IGH) 


Bus to Receiver Output 
(Latch Enabled) 


CL = 15pF 
Rp = 2.0k2 


A or B Data to Odd Parity Output 
(Driver Enabled) 


Bus to Odd Parity Output 
(Driver Inhibited, Latch Enabled) 


Latch Enable (RLE) to 
Odd Parity Output 


Notes: 1. For conditions shown as MIN, or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type, 
2. Typical limits are at Vec = 5.0V, 25°C ambient and maximum loading. 
3. Not more than one output should be shorted at a time. Duration of the short circuit test shoul not exceed one second, 
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Am2916A 


INPUT/OUTPUT CURRENT 
INTERFACE CONDITIONS 


DRIVEN INPUT BUS DRIVING OUTPUT 


17kQ 5kQ. 602 


ih 


O OUTPUT, ODD 


Me 


(| 


\A 
ZN 
\/ 


Note: Actual current flow direction shown. 


SWITCHING TEST CIRCUIT 


INPUT A 


Am2916A 


R 
OR 
INPUT B ODD 


*CL = 15pF for tpLH, tPHL. 
tZL,tZH 
Cy = OpF for tyz, tLz 


SWITCHING WAVEFORMS 


DRIVER 
CLOCK 


Pp 
oP 


A INPUT 


BUS 
OUTPUT 
VoL 
TPHL tPLH = 
VOH 
RECEIVER 1a¥ 
OUTPUT oe 


Note: Bus to Receiver output delay is measured by clocking data into the driver register 
and measuring the BUS to R combinatorial delay. 
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Am2916A 


FUNCTION TABLE 


INPUTS TO DEVICE 


OUTPUT 
FUNCTION 


Driver output disable 


Receiver output disable 


x< 


0 
D 
2) 
i») 
A 
a! 
m 


Driver output disable and receive data 
via Bus input 


Latch received data 


» 
- 


ae 
tae 
Ei 
xx 


=[= =| 


x KX IK KK XK 
x «x K 
x x K XK 
OY ee a a 


Load driver register 


No driver clock restrictions 


zee rhe xx 
x x XK x 


X| X| xX 
X|X}X | H 


x< 
x 
2 
O 


x 
Xx Xx NC x 
Ge Oe aes ee IE X 
Drive Bus 
XIXIxX| xX | LIT xx] ou X 
H = HIGH Z = HIGH Impedance X = Don’t care i=0,1,2,3 
L = LOW NC = No change t = LOW-to-HIGH transition 


DEFINITION OF FUNCTIONAL TERMS 


Ao, Ay, A2,A3 The “A” word data input into the two BUSp, BUS, The four driver outputs and receiver in- 
input multiplexer of the driver register. BUS>, BUS3 puts (data is inverted). 

Bo, By, Bo, Bz The “B’ word data input into the two Ro, R1, R2, R3 ~The four receiver outputs. Data from the 
input multiplexers of the driver register. bus is inverted while data from the A or B 


inputs is non-inverted. 


S Select. When the select input is LOW, the eee 
A data word is applied to the driver reg- LE Receiver Latch Enable. When RLE is 
ister. When the select input is HIGH, the LOW, data on the BUS inputs is passed 
B word is applied to the driver register. through the receiver latches. When RLE 

is HIGH, the receiver latches are closed 

DRCP Driver Clock Pulse. Clock pulse for the and will retain the data independent of 

| driver register. all other inputs. 

BE Bus Enable. When the Bus Enable is HIGH, OE Output Enable. When the OE input is 
the four drivers are in the high impedance HIGH, the four three state receiver out- 
state, puts are in the high-impedance state. 


ee ate oa 
Gerd) YB 
bi ; re) 


aS 
By, 9 Es 
alla 


or ip CG 
(11533 jena 


12 
ODD 


DIE SIZE .074” X .130” 
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Am2916A 


APPLICATIONS 


SELECT 


CLOCK 


Am2916A 


Am2916A Am2916A 


BUS BUS PARITY 


Be a cen cede ot aoe wed 
LATCH cok 


ENABLE 


ODD/EVEN 
CONTROL 
L=EVEN 
H=0ODD 


P, Pp Pg Pa Ps Pg Pz Pg Pg 
Am82S62 


EVEN 


CHECK 
PARITY OUTPUT 


Generating or checking parity for 16 data bits. 


Am9080 1/0 DEVICES MEMORY 


| anze | } ansree | Fanci 16A F anaaien | 6A Panera | F ancoen | 16A Fanos | 16A Favors | 
Panera | Paar ETTTIITl | | | i | | 


To 


ADDRESS 


A as 


Using the Am2916A and Am8T26 ina terminated Bus system for the Am9080 MOS Microprocessor. 
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Am2917A 


Quad Three-State Bus Transceiver With Interface Logic 


Distinctive Characteristics 


@ Quad high-speed LS! bus-transceiver @ Three-state receiver outputs sink 12mMA 

@ Three-state bus driver @ Advanced low-power Schottky processing 

@ D-type register on driver @ 100% reliability assurance testing in compliance with 
@ Bus driver output can sink 48mA at 0.5V max. MIL-STD-883 

@ Internal odd 4-bit parity checker/generator @ 3.5V minimum output high voltage for direct inter- 
@ Receiver has output latch for pipeline operation face to MOS microprocessors 


UNCTIONAL DESCRIPTION LOGIC SYMBOL 


The Am2917A is a high-performance, low-power Schottky bus 
transceiver intended for bipolar or MOS microprocessor system 
applications. The device consists of four D-type edge-triggered 
flip-flops. The flip-flop outputs are connected to four three- 
state bus drivers. Each bus driver is internally connected to the 
input of a receiver. The four receiver outputs drive four D-type 
latches, that feature three-state outputs. The device also con- 
tains a four-bit odd parity checker/generator. 


Am2917A 


The LSI bus transceiver is fabricated using advanced low- 
power Schottky processing. All inputs (except the BUS inputs) 
are one LS unit load. The three-state bus output can sink up to 
48mA at 0.5V maximum. The bus enable input (BE) is used to 
force the driver outputs to the high-impedance state. When BE 
is HIGH, the driver is disabled. 


Vee = Pin 20 
GND, = Pin5 
GNDp» = Pin 15 


The input register consists of four D-type flip-flops with a 
buffered common clock. The buffered common clock (DRCP) 
enters the Aj data into this driver register on the LOW-to- 
HIGH transition. 


Data from the A input is inverted at the BUS output. Like- 
wise, data at the BUS input is inverted at the receiver output. 
Thus, data is non-inverted from driver input to receiver output. 
The four receivers each feature a built-in D-type latch that is 
controlled from the buffered receiver latch enable (RLE) 
input. When the RLE input is LOW, the latch is open and the 
receiver outputs will follow the bus inputs (BUS data inverted 
and OE LOW). When the RLE input is HIGH, the latch will 
close and retain the present data regardless of the bus input. 
The four latches have three-state outputs and are controlled 
by a buffered common three-state control (OE) input. When 
OE is HIGH, the receiver outputs are in the high-impedance 
state. 


The Am2917A features a built-in four-bit odd parity checker/ 
generator. The bus enable input (BE) controls whether the 
parity output is in the generate or check mode. When the bus 
enable is LOW (driver enabled), odd parity is generated based 
on the A field data input to the driver register. When BE is 
HIGH, the parity output is determined by the four latch out- 
puts of the receiver. Thus, if the driver is enabled, parity is 
generated and if the driver is in the high-impedance state, the 
BUS parity is checked. 


CONNECTION DIAGRAM 
Top View 


Am2917A 


Note: Pin 1 is marked for orientation. 


ORDERING INFORMATION 


Package Temperature Order 


Type Range Number 
ar ee ee a, 
Molded DIP 0°C to +70°C AM2917APC 
Hermetic DIP 0°C to +70°C AM2917ADC 
Dice - 0°C to +70°C AM2917AXC 
Hermetic DIP —55°C to +125°C AM2917ADM 
Hermetic Flat Pak —55°C to +125°C AM2917AFM 
Dice —55°C to +125°C AM2917AXM 
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LOGIC DIAGRAM 


BUS; 


—— OUTPUT 
Cf OF contro 


SS O—O PARITY 


DRIVER 


CLOCK DRCP O 


aie _ 4 RECEIVER 
BE O O ORLE LATCH 
ENABLE ENABLE 


MAXIMUM RATINGS (Above which the useful life may be impaired) 


Storage Temperature = -65°C to +150°C 
Temperature (Ambient) Under Bias ~55°C to +125 C 
Supply Voltage to Ground Potential -0.5Vtot+7V 
DC Voltage Applied to Outputs for HIGH Output State -~0.5 V to +VCC max. 
DC Input Voltage —_ -0.5 Vto+7 V 
DC Output Current, Into Outputs (Except BUS) 30 mA 
DC Output Current, Into Bus 100 mA 
DC Input Current -30 mA to +5.0 mA 


ELECTRICAL CHARACTERISTICS 


The following conditions apply unless otherwise noted: 


Am2917AXC (COM'L) Tp =0°C to+70°C VecMIN. =4.75V  VecMAX. = 5.25V 

Am2917AXM (MIL) Ta = 58°C to+125°C = VeCMIN.=4.50V  VecMAX. = 5.50V 

BUS INPUT/OUTPUT CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE 

Parameters Description Test Conditions (Note 1) Min. Typ. Max. Units 


Bus Leakage Current Vec = MAX. 
(High |! mpedance) Bus enable = 2.4V 


Bus Leakage Current 
(Power OFF) 


Receiver Input HIGH Threshold Bus enable = 2.4V 


Receiver Input LOW Threshold Bus enable = 2.4V 


Isc Bus Output Short Circuit Current 
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Am2917A 
ELECTRICAL CHARACTERISTICS 


The following conditions apply unless otherwise noted: 


Am2917AXC (COM’L) T, =0°C to +70°C VecMIN.=4.75V VeeMAX. = 5.25V 

Am2917AXM (MIL) Ta = —55°C to +125°C = VecMIN. =4.50V  VecMAX. = 5.50V 

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE To: 

Parameters Description Test Conditions (Note 1) Min. (Note 2) Max. Units 


Vec = MIN. 
Vin = Vit or Vig 


Receiver 
Output HIGH Voltage 


Vcc = 5.0V, lon = —100uA 
Vec = MIN., loy = —660uA 
VIN = ViH or Vit 


MIL 


: Volts 
Volts 


Parity 
Output HIGH Voltage 


Vcc =MIN. 
VIN = Vit or Vin 


Output LOW Voltage 
(Except Bus) 


Vin Input HIGH Level 
(Except Bus) 
Input LOW Level 
(Except Bus) 
pov | Input Clamp Voltage (Except Bus) 


Input LOW Current (Except Bus) 
Input HIGH Current (Except Bus) 
ti Input HIGH Current (Except Bus) 
Isc Output Short Circuit Current RECEIVER 
(Except Bus) 


PARITY 
Power Supply Current 


g Vo =2.4V 
Off State Output Current Vec = MAX. 
(Receiver Outputs) Vo =0.4V 


SWITCHING CHARACTERISTICS OVER 
OPERATING TEMPERATURE RANGE 


loL =12mA 0.37 


Guaranteed input logical HIGH 
for all inputs 


Guaranteed input logical LOW 
for all inputs 


Vcc = MIN., 


lin =—18mA 


Vcc = MAX., Vin =0.4V 


All other inputs 


Vcc = MAX., Vin = 2.7V 
Voc = MAX., Viny = 7.0 V 


| 
a) 
=) 


Vec = MAX. 


| 
N 
os) 


Ww 
: 

ol 
f 

> 


Am2917AXC 


Typ. 
Min. (Note2) Max. 


Am2917AXM 


Typ. 
Min. (Note2) Max. 


Units 


Parameters Description Test Conditions 


C. (BUS) = 50pF 
R_ BUS) = 1302 


Driver Clock (DRCP) to Bus 


Bus Enable (BE) to Bus 


A Data Inputs 


Clock Pulse Width (HIGH) 


Bus to Receiver Output 
(Latch Enabled) 


=| 2 
“| oO 
— 
Ww 


ie) 

NS) bes 
aS ) 
o (ey) 
w NO 
NO =s 
& 

® : 


Latch Enable to Receiver Output 


Bus to Latch Enable (RLE) 


C, = 15pF 
Rp =2.0k2 


A Data to Odd Parity Out 
(Driver Enabled) 


NO 

‘i 
i) 

® 
ie) 
Oo 


Bus to Odd Parity Out 
(Driver Inhibit) 


21 


fel 
— {ss | o 
Wl Wi w 
ON ns; n 
NO NO 
= pars 


Latch Enable (RLE) to Odd 
Parity Output 


peje 
n 


Output Control to Output 


—, 
a |S 
N | ow 
O|a 
_ 
re Gar 
NTN 10% | & | & ] & 
W |hO | RO] RO TRO 


CL =5pF, Ry =2.0k2 


Notes: 1. For conditions shown as MIN. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type. 
2. Typical limits are at Vcc¢ = 5.0V, 25°C ambient and maximum loading. 
3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 


NO 
o 
= 
pS 
ié%) 
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INPUT/OUTPUT CURRENT 
INTERFACE CONDITIONS 


DRIVEN INPUT DRIVING OUTPUT 


INPUT © 


Note: Actual current flow direction shown. 


SWITCHING TEST CIRCUIT 


INPUT A 
Am2917A OR 
INPUT B ODD 


*C, = 15pF for tpLH. tPHL. 
tZL, tZH 
C. = SpF for tyz, tLz 


DRIVER 
CLOCK 


A INPUT 


RECEIVER 
OUTPUT 


Note: Bus to Receiver output delay is measured by clocking data into the driver register 


and measuring the BUS to R combinatorial delay. 


3-328 


Am2917A 


FUNCTION 


WO 
Cc 
<P 


X L X | X | X NC X 

X X L X | X L X 
H = HIGH X = Don't Care 
L= LOW 


x x 


se 
ne 


Z = High Impedance 
NC = No Change 


PARITY OUTPUT FUNCTION TABLE 


ODD PARITY OUTPUT 
ODD = Ag ® Aj ®A24 AZ 
ODD = Qo ® Q] © Q2 € Q3 


Metallization and Pad Layout 


DIE SIZE .074” X 130” 
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OUTPUT 
fed Driver output disable 


fa 


x/T LT 


an 
le 
x 
> | 
taal 
ca 
2 
> >/8 
> [x 
: pee 


TABLE 


FUNCTION 


Receiver output disable 


Driver output disable and receive data 
via Bus input 


Latch received data 


Load driver register 


No driver clock restrictions 


Drive Bus 


i=0, 1, 2,3 


t = LOW-to-HIGH Transition 


DEFINITION OF FUNCTIONAL TERMS 


DRCP Driver Clock Pulse. Clock pulse for the driver register. 


BE Bus Enable. When the Bus Enable is LOW, the four 
drivers are in the high impedance state. 


BUSo, BUS;, BUS2, BUS3 The four driver outputs and 
receiver inputs (data is inverted). 


Ro, R1, R2, R3 The four receiver outputs. Data from the 
bus is inverted while data from the A or B inputs is non- 
inverted. 


RLE Receiver Latch Enable. When RLE is LOW, data on the 
BUS inputs is passed through the receiver latches. When RLE 
is HIGH, the receiver latches are closed and will retain the 
data independent of all other inputs. 


ODD Odd parity output. Generates parity with the driver 
enabled, checks parity with the driver in the high-impedance 
state. 


OE Output Enable. When the OE input is HIGH, the four 
three-state receiver outputs are in the high-impedance state. 


Am2917A 


APPLICATIONS 


A 


Am2917A 
ADDRESS REGISTER 


BUS 


Am2918 
STATUS REGISTER 


A 


Am2917A 
MAIN 
DATA BUS 
REGISTER MEMORY 


R 


FLAGS Y 
A 


Am2909 
MICROPROGRAM 
SEQUENCER 


1/0 
BUS 


BUS Am2917A 1 Am2901 
BIPOLAR 


MICROPROCESSOR 


R 


D 


ROM/PROM 
MICROCODE 


Am2918 
MICROWORD 
REGISTER 


The Am2917A can be used as an |/O Bus Transceiver and Main Memory |/O Transceiver 
in high-speed Microprocessor Systems. 


Am9080 1/0 DEVICES MEMORY 
D A 


St Ttit 


ju 
TT vg fo ff TF 


ADDRESS 


a | 


Using the Am2917A and Am8726 in a terminated Bus system for the Am9080 MOS Microprocessor. 
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HIGH SPEED SCHOTTKY S-MSI AND INTERFACE DATA SHEETS 


Definition of Standard Schottky Terms ....... 4-2 
AINZS S09 oid id etn ec ccdanioadesdevetadaaes os 4-3 
PCO SOT (OB ca plane hte cheat dedi dace tates da ce sons 4-9 
PIMIZD S09 es ote en hoa ew eed ciate sss tk eet eee 4-29 
AM 20S 105 b50 td ok Sewn tetaneateadeae. 4-33 
AINZS 91.6 5.) acre hatin nate dies ananinn wanes 4-47 
PINZO S02 ses teas wats Poh aleawn beret 4-51 
AM26S10/S11 2.0.0... cece eee eee 4-55 
Am26812/S12A ©0000... ce cee eee 4-60 
Am54S/74S138 0.0... 0.00 ee eee 4-65 
Am54S/74S139/93S21 ......... 00. eee eee 4-69 
Am54S/74S151/S251 2.0.0... 0. eee 4-73 
Am54S/74S153/S253 ....... 0... eee 4-77 
Am54S/74S157/S158/93S22 ............... 4-81 
Am54S/74S160/S161 1.0.0.0... 4-85 
Am54S/74S174/S175 .. 00. eee 4-89 
Am54S/74S181 «0... eee eee ee 4-93 
Am54S/74S194/S195 ....... 0... eee ee. 4-99 
Am54S/74S240/S241/S242/S243/S244 .... 4-103 
Am54S/74S257/S258 ............0. 0-000. 4-108 
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Am54S/74S350 ........ 00.0.0... cee eee 4-112 
Am54S/74S373/S533 .......... 0... e eae 4-114 
Am54S/74S374/S534 ...... 0.0... eee eee 4-115 
Am54S/74S378/S379 ........ 0... 4-118 
Am54S/74S388 1.0.0.0... 0... ccc eee ae 4-116 
Am54S/74S399 1.0.0... ee eee 4-120 
Am54S/74S412 1. oo. ccc eee 4-122 
AM3212/8212 2.00. ccc ce cece ee 4-123 
PUNO N20 i nd thaw ris deb ge dal eis eatin os 4-130 
Am8T26A/8T28 ........... cece eee eee 4-135 
PING ZOO2? sho feid tie ec tessa nen, wea ecu ea deed 4-140 
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Am93S48 .....0. 2. cece eae 4-152 
APPLICATION NOTES 
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Definition of Standard Schottky Terms 


DEFINITION OF A.C. (SWITCHING) TERMS 


(All switching times are measured at the 1.5V logic level unless 
otherwise noted.) 


SCHOTTKY PARAMETER MEASUREMENTS 
FOR THREE-STATE OUTPUTS 


f max The highest operating clock frequency. 


tp_H The propagation delay time from an input change to an out- 
put LOW-to-HIGH transition. 

tpry, The propagation delay time from an input change to an 
output HIGH-to-LOW transition. 


tpy Pulse width. The time between the leading and trailing 
edges of a pulse. 


LOAD TEST CIRCUIT 


TEST 
POINT 


FROM OUTPUT 
UNDER TEST 


: : ; : ; > NCLUDES 

ty Rise time. The time required for a signal to change from 10% SAaE RADE iaGieiGR 
to 90% of its measured values. CAPACITANCE 1N3064 

tt Fall time. The time required for a signal to change from 90% 


to 10% of its measured values. 


ts Set-up time. The time interval for which a signal must be 
applied and maintained at one input terminal before an 
active transition occurs at another input terminal. 

th Hold time. The time interval for which a signal must be 


retained at one input after an active transition occurs at 
another input terminal. 


SET-UP, HOLD, AND RELEASE TIMES 


DATA VAVVVV a, VWVWWVV 1.5V 
INPUT MW aE 
s Paine th 
3V 


TIMING | 
INPUT Hay 
OV 


ea 
2 tr 


tr Release time. The time interval for which a signal may 
be indeterminant at one input terminal before an active 
transition occurs at another input terminal. (The release time 
falls within the set-up time interval and is specified by some 
manufacturers as a negative hold time). 


tuz HIGH to disable. The delay time from a control input change 


to the three-state output HIGH-level to high-impedance Sark WV HAVAVANAVAVAVAVAVAVATAVANANAY ne 
transition (measured at 0.5 V change). input AA AAA WY/V\ oH 


ti z LOW to disable. The delay time from a control input change 
to the three-state output LOW-level to high-impedance transi- 
tion (measured at 0.5V change). 


tzH Enable HIGH. The delay time from a control input change 
to the three-state output high-impedance to HIiGH-level 
transition. 


tz, Enable LOW. The delay time from a control input change 


to the three-state output high-impedance to LOW-level 
transition. 


Notes: 1. Diagram shown for HIGH data only. Output transition may 
be opposite sense. 
2. Cross hatched area is don’t care condition. 


PROPAGATION DELAY 


SAME PHASE 
INPUT TRANSITION 


OUTPUT 


DEFINITION OF D.C. TERMS 


H HIGH, applying to a HIGH voltage level. 

L LOW, applying to a LOW voltage level. 

| Input. 

O Output. 

Negative Current Current flowing out of the device. 


OPPOSITEPHASE 
INPUT TRANSITION 


LOW-HIGH-LOW 
PULSE 


Positive Current Current flowing into the device. 


1), LOW-level input current with a specified LOW-level 
voltage applied. 


HIGH-LOW-HIGH 
PULSE 


ly HIGH-level input current with a specified HIGH-level 


voltage applied. aie 
lo, LOW-level output current. ENABLE AND DISA 


lou HIGH-level output current. Enable Disable 


Isc Output short-circuit source current. 


CONTROL __ 
INPUT 


OUTPUT “we! — 
NORMALLY LOW : 
S27 OPEN VOL 
NORMALLY HIGH 
O S; OPEN aay 05V 


Notes: 1. Diagram shown for Input Control Enable-LOW and Input 
Contro! Disable-HIGH. 
2.S4 and Sg of Load Circuit are closed except where shown. 


loc The supply current drawn by the device from the Vcc 
power supply. 


Vii, Logic LOW input voltage. 


Vi Logic HIGH input voltage. 


VoL LOW-level output voltage with | 9, applied. 
H1GH-level output voltage with Io, applied. 


Note: 1. Pulse Generator for All Pulses: Rate < 1.0MHZz; Z, = 5022; 
ty < 2.5ns; te < 2.5 ns. 
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Four-Bit by Two-Bit 2’s Complement Multiplier 


Distinctive Characteristics 

@ Provides 2’s complement multiplication at high speed 
without correction. 

@ Can be used in a combinatorial array or in a time 
sequenced mode. 

@ Multiplies two 12-bit signed numbers in typically 
115ns. 


@ Multiplies in active HIGH (positive logic) or active 
LOW (negative logic) representations. 


@ Reduced input loading as compared to Am2505. 


100% reliability assurance testing in compliance with 
MIL-STD-883. 


FUNCTIONAL DESCRIPTION 


The Am25S05 is a high-speed digital multiplier that can multiply numbers represented 
in the 2’s complement notation and produce a 2's complement product without 
correction. The device consists of a 4x2 multiplier that can be connected to form 
iterative arrays able to multiply numbers either directly, or in a time sequenced 
arrangement. The device assumes that the most significant digit in a word carries a 
negative weight, and can therefore be used in arrays where the multiplicand and 
multiplier have different word lengths. The multiplier uses the quaternary algorithm 
and performs the function S = XY + K where K is the input field used to add Partial 
products generated in the array. At the beginning of the array the K inputs are avail- 3 
able to add a signed constant to the least significant part of the product. Multiplication vg ce a 

: ; : ; : x 
of an m bit number by an n bit number in an array results in a product having mtn a's GomrL EMERS 2's COMPLEMENT 
bits so that all possible combinations of product are accounted for. If a conventional MULTIPLIER MULTIPLIER ag 
2's complement product is required the most significant bit can be ignored, and 
overflow conditions can be detected by comparing the last two product digits. S2_ $3 84 S65 


LOGIC SYMBOLS 


ACTIVE LOW 
76 5 4 3 14 «419 18 17 16 


ACTIVE HIGH 
76 5 4 3 1 19 18 17 16 


A number of connection schemes are possible. Figure 1 shows the connection scheme 
that results in the fastest multiply. !f higher speed is required an array can be split 
into several parts, and the parts added with high-speed look-ahead carry adders. 


Provision is made in the design for multiplication in the active high (positive logic) 
or active low (negative logic) representations simply by reinterpreting the active level 
of the input operands, the product, and a polarity control P. 


Voc = Pin 24 
GND = Pin 12 


LOGIC DIAGRAM 


Am25S05 ORDERING INFORMATION CONNECTION DIAGRAM 


Top View 


Voc v1 Yo ¥7 Pkg ky ko kz S5 Sq Cua 


Package 
Type 


Molded DIP 
Hermetic DIP 
Dice 
Hermetic DIP 
Hermetic Flat Pak 
Dice 


Temperature Order 


Range 


O°C to +75°C 

O°C to +75°C 

0°C to +75°C 
-55°C to +125°C 
~55°C to +125°C 
—55°C to +125°C 


Number 


AM25S05PC 

AM25S05DC 
AM25S05XC 
AM25SO05DM 
AM25S05FM 
AM25S05XM 


24 23 22 21 20 19 18 17 16 15 14 13 


Am25S05 


Note: Pin 1 is marked for orientation. 
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Am25S05 
MAXIMUM RATINGS (Above which the useful life may be impaired) 


Storage Temperature -65°C to +150°C 
Temperature (Ambient) Under Bias -55°C to +125°C 
Supply Voltage to Ground Potential (Pin 24 to Pin 12) Continuous . -0.5V to +7V 
DC Voltage Applied to Outputs for High Output State -0.5V to +Voec max. 
DC Input Voltage | ~0.5V to +5.5V 
Output Current, Into Outputs 30 mA 
DC Input Current -~30 mA to+5 mA 


ELECTRICAL CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (Unless Otherwise Noted) 


Am25S05XC, DC, PC Ta =0°C to +75°C Vcc = 4.75 V to 5.25 V 
Am25S05XM, DM Tp = —55°C to +125°C Vcc = 4.50 V to 5.50 V 
Am25SO5FM Tc= —55°C to +125°C Vcc = 4.50 V to 5.50 V 
Parameters Description Test Conditions Min. Typ. (Note 1) Max. Units 
Vec =MIN. =-1, XM 2 3 
Vou Output HIGH Voltage co IN On ae isi eae Volts 
Vin = Vin or Vib XC 2.7 3.3 
}— area 
Vec =MIN., lop = 20mA 
V Output LOW Voltage 0.3 0.5 Volts 
= Vin = Vin or Vib 


ane si ae Pe | 
Vin Input HIGH Level Guaranteed input logical HIGH 20 | Volts 


voltage for all inputs 


| = 
Guaranteed input logical LOW | 
ViL Input LOW Level wottade forall puts 0.8 Volts 
Unit Load | = = = 
Hyp (Note 2) i Input LOW Current Vec = MAX., Vin = 0.5V 2.0 mA 
Unit Load Vcc = MAX., VIN =2.7V | 50 LA 


14 (Note 2) Input HIGH Current | 
Input HIGH Current 


Vec = MAX., Vin = 5.5V 1.0 mA | 


Isc Output Short Circuit Current Vec = MAX., VouT = 0.0V —40 | -100 mA 
loc Power Supply Current Vcc = MAX., Y1 =.0V 120 175 mA 


Note 1. Typical Limits are at Vcc = 5.0V, 25°C Ambient and maximum loading. 
Note 2. Actual input currents are obtained by multiplying unit load current by the input load factor. (See loading rules) 


Switching Characteristics (Vcc = 5V, Ta = 25 C, Cy = 15pF, Ri = 28022 ) 
Parameters From (Input) To (Output) Test Conditions Min. Typ. Max. Units 


tPLH Cc Cc 4 8 12 
_. jan ee 
t 12 : 
cou “a °0,1,2,3 : 10 ie 
me aa 
tPLH . S45 a, 15 22 - 
t : 6 1 20 
PHL ie 3 | =u! _| 
a Any kK CH+4 : a 12 ns 
PHL he } 15 | 
*PLH Any k S0,1,2,3 ae a = 
tPHL Z cee 4 9.5 14 
= + +- 
tes Any k S45 3 15:5 23 ns 
Hie See Test Table ° -4 He 12 = 
tPLH | ee ec, 8 17 26 im 
tpHL 9 18 27 
t [40 21. ~»+«(|~«232 
oak | Any x S0,1,2,3 ns 
tpHL L 10 21 32 [ a 
23.5 35 
S45 6 ns 
Ht ase | 
C +4 ns 
" | 10 20 30 
Sean 1 23 34. OTs 
yeaa 11 23 34. | sail 
S45 12 25 37 ei | 
12 25 37 
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SWITCHING TIME TEST TABLE 


Ch 


Cn+4, $0123, $45 


Cn+4, $0123, $45 
Cy+4, $123, S45 
Cy+4, $23, S45 
$3 
S45 


Cn+4, $9123, S45 
Cny+4, $0123, S45 
Cny+4, $123, S45 
Cy+4, $123, S45 

$3 

S45 

S45 


CH+4, 80123, S45 
Ch+4, $0123, S45 
Cy+4, $0123, S45 


DEFINITION OF TERMS 


SUBSCRIPT TERMS: 

H HIGH, applying to a HIGH logic level or when used with Vec 
to indicate high Vcc value. 

| = Input. 


L LOW, applying to LOW logic level or when used with Vcc to 
indicate low Vcc value. 


O Output. 


FUNCTIONAL TERMS 


C, The carry input to the high-speed adder. 

C,+4 The carry output from the high-speed adder. 

k; The constant field used for accumulating partial products. 
i=0, 1, 2, 3. At the beginning of the array the K field can be used 
to add a 2’s complement number to the least significant half of 
the double length product. 

P The polarity control input. This input must be at a low-logic 
level for numbers in the active high logic representation, and held 
high for numbers in the active low logic representation. 

Sj; The product outputs. i=0, 1, 2, 3, 4, 5. 

xj The multiplicand inputs. i=-1,0,1,2,3,4. At the first column 
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P, Y¥.4, ¥4, All X 


P, Y¥.4, Y4, All X 
P, Y_4, Yi, All X 
P, ¥_4, Yq, All X 
P, Y.4, Y41, All X 
P,Y_1, Y4, All X, Cy 


P,Y4,Allk 

P, ¥_4, 4, All k 

P, Y_4, 14, All k 

P, Y_4, Y3, All k 

P, Y_4, Y4, All k 

P, Y_4, ¥4, All k, Cy 
P,Y4, All k, Cy 


P, X41, X92, X3, Xq, All k 
P, X4, X2, X3, Xq, All k 
Xo, X41, X2, X3, Xq4, All k 


of the array x_ must be held at logic ‘0’, and at the last column 
of the array xq is connected to x3. 


y; The multiplier inputs. i = —1, 0, 1. 
At the first row of the array y_; must be held at logic ‘0’. 


OPERATIONAL TERMS: 


1), Forward input load current. 
lon Output HIGH current, forced out of output in Voy test. 
lo. Output LOW current, forced into the output in Voy. test. 


Icc The current drawn by the device from Vcc power supply 
with input and output terminals open. 


li Reverse input load current. 

Negative Current Current flowing out of the device. 

Positive Current Current flowing into the device. 

Vi Minimum logic HIGH input voltage. 

Vit Maximum logic LOW input voltage. 

Vin Input voltage applied in Iy,, ly tests. 

VoH Minimum logic HIGH output voltage with output HIGH 
current loy flowing out of output. 

Vot Maximum logic LOW output voltage with output LOW 
current lo, flowing into output. 
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APPLICATION 
X1} X30 | Ky | Kg X5[X7 [| Kg | Kz Xg [X11 | Ko [Kat 
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Critical speed carries between columns have been interchanged with 2’s complement carry-ins Y5, Y7, Y9, 
Y11 for highest speed. 


Figure 1. High Speed 12x12 2’s Complement Multiplication 
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MSI INTERFACING RULES 


Equivalent 
Input Unit Load 
HIGH LOW 


1.25 1.25 
1.25 1.25 
1.25 1.25 
1.25 1.25 
2.5 2.5 
1.25 1.25 
15 1.25 


Interfacing 
Digital Family 


Advanced Micro Devices 54/7400 Series 


Advanced Micro Devices 9300/2500 Series 
FSC Series 9300 

Tl Series 54/7400 

Signetics Series 8200 

National Series DM 75/85 

DTL Series 930 


OPERATION TABLE 


Y Multiplier Operation 


X Multiplicand 


< 
4 

< 
=) 
= 


- OF Oo - O - Oo 
-_-=- O00 - = COO 
> S| S| Ae COO”; 


Active Low Inputs and Outputs 
‘1’ = Low, ‘0’ = High, P = High 
Active High Inputs and Outputs 
‘1' = High, ‘0’ = Low, P = Low 


USER NOTES 


1. Arithmetic in the multiplier is performed in the 2’s com- 
plement notation, which requires a carry in at the first 
stage. This is accomplished by connecting the y; 
multiplier bit to the appropriate carry input terminal 
Gace! eo ms cree 


2. The multiplier can perform multiplication in either the 
active high (positive logic) or active low (negative logic) 
representations by reinterpreting the active logic level 
and by grounding or leaving the polarity control pin P 
open circuit respectively. 


3. Multiplication can be performed in number representa- 
tions other than 2’s complement by either correcting 
the 2’s complement product or adding in a correction at 
the beginning of the multiplication at the K inputs. 2’s 
complement numbers are represented as: X2=x-x,2-1 


Number 


representation Correction 


None 
Add Xs Y2 + YsX2 + XsVs at k inputs 


2’s complement 
1’s complement 
Unsigned 

(magnitude) Extend multiplier and multiplicand 
one bit at the least significant end. 
Form xgyg + yox + Xoy with con- 
ditional adder and add to array shifted 
two places up at k inputs. Force 
Ks, Ys, Xs = O. 


Am25S05 LOADING RULES IN UNIT LOADS 


Input 
Unit Load 


Input Input Output Output 
HIGH LOW HIGH LOW 


0.2 = = 
0.2 aa 

0.2 — 

0.4 — 

0.4 _ 

0.4 

0.2 


Fanout 


Input/Output Pin No.’s 


= 


0.2 
0.2 
0.2 
0.4 
0.4 
0.4 
0.2 


OO; WO) NN] OD] oO] BI] wi] dD 


io) 


a ge ss 
A Schottky TTL Unit Load is defined as 50uA at 2.7V at the HIGH 
Logic Level and —2.0mA at 0.5 V at the LOW Logic Level. 


Sign magnitude x; = 0, y,=0 None 
Xs= 1, ¥,=0 Form [(XY)o + 2%-1y] 
Xs =0, ys=1 Form [(XY)o + 29-1x] 
Xs=1,Ys=1 Add 29-1(x + y)—22n-2 


4. For the highest speed array with the multipliers arranged 
in a parallelogram structure carries between certain mul- 
tipliers are exchanged with the y carry-ins needed for 
2's complement subtract. The delays in the array are 
then equalized as best possible as shown in Figure 1. 


5. For higher speed multiplication the array can be split 
into several parts that can be added together with high- 
speed adders. 


6. Rounding off to a single length product can be achieved 
by adding a ‘1’ to the array at the most significant 
positive k input of the array, ignoring the most signifi- 
cant product digit, and using the remainder of the most 
significant part of the product. 


7. Truncation of a product without round off enables some 
of the multipliers in the array to be removed. 
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CONNECTION SCHEMES | TYPICAL MULTIPLICATION TIMES 


Total Package Count 
Multiplication 
Time (ns) | Am25S05. | Am54S/74S181 
2 7 


1 


PARALLELOGRAM 
CARRIES STAY 
IN SAME ROW 


2 


PARALLELOGRAM 
CARRIES FROM 
LOWER ORDER 
MULTIPLIERS SKIP 
TO ALTERNATE ROWS 
WHERE POSSIBLE 


3 


SPLIT INTO 

TWO PARTS WHICH 

ARE ADDED WITH 

HIGH-SPEED K 


CARRY LOOKAHEAD ADDF® Y = ( yah 
[nef ~Am25S05 a ees B 
X = (x_4 XQ X14 X2 XQ) 2 


HIGH-SPEED SCHOTTKY 
CARRY LOOKAHEAD ADDER 


Fig. 2 


Metallization and Pad Layout 


DIE SIZE 0.088" X 0.110” 


Am25S07:Am25S08 


Hex/Quad Parallel D Registers With Register Enable 


Distinctive Characteristics 


® 4-bit and 6-bit high-speed parallel registers 
® Common clock and common enable 


@ Positive edge triggered D flip-flops 


@ 100% reliability assurance testing in compliance with 
MIL-STD-883. 


FUNCTIONAL DESCRIPTION 


The Am25S07 is a 6-bit, high-speed Schottky register with 
a buffered common register enable. The Am25S08 is a 4-bit 
register with a buffered common register enable. The de- 
vices are similiar to the Am54S/74S174 and Am54S/74S175 
but feature the common register enable rather than 
common clear. 


LOGIC SYMBOLS 


Am25S07 Am25S08 


Do D; D2 D3 04 


Am25S07 
6-BIT REGISTER 


Both registers will find application in digital systems where 
information is associated with a logic gating signal. When 
the enable is LOW, data on the D inputs is stored in the 
register on the positive going edge of the clock pulse. When 
the enable is HIGH, the register will not change state re- 
gardless of the clock or data input transitions. 


Qo Q; Q2 Q3 4 


Vec = Pin 16 
GND = Pin 8 


LOGIC DIAGRAMS 


Am25S07 


ORDERING INFORMATION CONNECTION DIAGRAMS 


Top Views 


Am25S07 Am25S08 


Package 
Type 
Molded DIP 
Hermetic DIP 
Dice 
Hermetic DIP 
Hermetic Flat Pak 
Dice 


Temperature 
Range 


0°C to +70°C 
0°C to +70°C 
O°C to +70°C 


—55°C to +125°C 
—55°C to +125°C 
—55°C to +125°C 


Am25S07 
Order 
Number 


AM25S07PC 
AM25S07DC 
AM25S07 XC 
AM25S07DM 
AM25S07FM 
AM25S07XM 


Am25S08 
Order 
Number 


AM25S08PC 

AM25S08DC 
AM25S08 XC 
AM25S08DM 
AM25S08FM 
AM25S08 XM 


Ds D3 Og 


Note: Pin 1 is marked for orientation. 
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Am25S07/08 


MAXIMUM RATINGS (Above which the useful life may be impaired) 
Storage Temperature —65°C to +150°C 


Temperature (Ambient) Under Bias —55°C to +125°C 
Supply Voltage to Ground Potential (Pin 16 to Pin 8) Continuous —0.5V to+7V 
DC Voltage Applied to Outputs for HIGH Output State —0.5V to +Vcc max. 
DC Input Voltage —0.5V to +5.5V 
DC Output Current, Into Outputs 30mA 


DC Input Current —30mA to +5.0mA 


ELECTRICAL CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (Unless Otherwise Noted) 


Am25S07XC, Am25S08 XC TA =O0°Cto+70°C Vcc = 5.0V +5% (COM'L) MIN. = 4.75V MAX. = 5.25V 
Am25S07XM, Am25S08XM Ta = —55°C to +125°C Voc = 5.0V +10% (MIL) MIN. = 4.5V MAX. = 5.5V 
Parameters Description Test Conditions (Note 1) Min. Typ. (Note 2) Max. Units 


Voc = MIN., IoH = —1mA 2.7 


Vin = Vin or Vib XM 2.5 
Vcc = MIN., lo, = 20mA 
VIN = Vin oF VIL 


Output HIGH Voltage 


Output LOW Voltage 


Guaranteed input logical HIGH 


: 
Input HIGH Level . 
voltage for all inputs 


Guaranteed input logical LOW 
voltage for all inputs 


Input LOW Level 


Input Clamp Voltage Vcc =MIN., lin, = —18MA 


Mee Unit Load ee ny any 
(Note 3) Input LOW Current ee “+ VIN : 


i 
Unit Load 
= M . =2. 
Input HIGH Current Vcc = MAX., Vin = 2.7V 


Input HIGH Current Vcc = MAX., Vin = 5.5V 
Output Short Circuit Current (Note 4) Vcc = MAX. 


S07 
$08 


Power Supply Current (Note 5) Voc = MAX. 


For conditions shown as MIN. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type. 
. Typical limits are at Vec = 5.0V, 25°C ambient and maximum loading. 

. Actual input currents = Unit Load Current x Input Load Factor (See Loading Rules). 

Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 

Outputs open; enable grounded; data inputs at 4.5V, measured after a momentary ground, then 4.5V applied to the clock input. 


Notes: 


OR WN = 


Switching Characteristics (Ta = +25 C) 


Parameters Description Test Conditions Min. Typ. Max. Units 


ig Preble 


Veco =5.0V, CL = 15pF, Ry = 2802 


Am25S07/08 


Am25S07 LOADING RULES Am25S08 LOADING RULES 
(In STTL Unit Loads) (In STTL Unit Loads) 


Fan-out Fan-out 
Input Output Output Input Output Output 
Input/Output Pin No.’s Unit Load HIGH LOW Input/Output Pin No.’s Unit Load HIGH LOW 


E 1 = _ E 1 ~ 
Qo — 20 = 20 
Do 1 = a 20 
D1 1 1 

Q) 
D2 
Q2 


1 


O;/dO; nN! OD] oO] BP! wD) Ns 


cP 1 
Q3 _ 
D3 1 
Q4 = 
D4 
Ds 
O5 


O;/O; OI NI OO) oO! P&P] WIN] = 


—_ 


a 
—_ 


_= 
N 


| —_, 
w 


—_ 
£ 


— 
ol 


— 
oO i 


Vcc 


A Schottky TTL Unit Load is defined as 50uA measured at 
2.7V HIGH and —2.0mA measured at 0.5V LOW. 


DEFINITION OF FUNCTIONAL TERMS SCHOTTKY INPUT/OUTPUT 

Dj The D flip-flop data inputs. CURRENT INTERFACE CONDITIONS 
E Enable. When the enable is LOW, data on the Dj inputs is 
transferred to the Qj; outputs on the LOW-to-HIGH clock 
transition. When the enable is HIGH, the Q; outputs do not 
change regardless of the data or clock input transitions. : 
CP Clock Pulse for the register. Enters data on the LOW-to- UNIT LOAD 


DRIVING OUTPUT DRIVEN INPUT 


HIGH transition. > 2.8k2 NOM 


Q; The TRUE register outputs. 
Q; The complement register outputs 


FUNCTION TABLE 


Note: Actual current flow direction shown. 


H = HIGH NC = No Change 
L=LOW X =Don’'t Care 
t = LOW-to-HIGH Transition 

Q; on Am25S08 Only 


Am25S07/08 


APPLICATIONS 
DATA BUS Pade WORD 1 
WORD 2 
A 
SELECT 
B 
ENABLE 
WORD 3 
WORD 4 


O 
CLOCK 


Selective Register Loading of Data on Synchronous Clock. 


Metallization and Pad Layout 
Am25S07 Am25S08 


DIE SIZE: 0.070” X 0.083” DIE SIZE: 0.067" X 0.073" 
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SCHOTTKY TTL MSI 
REGISTERS 


By John R. Mick 


INTRODUCTION 


There is a continual emphasis on higher and higher speed 
digital systems. Many TTL MSI functional blocks are now 
standard items and most high speed digital systems use large 
numbers of these devices for storage and control. With the 
advent of Schottky technology, the most popular of these 
functional storage and control blocks are now available at 
still higher speeds. In addition, several new, very useful 
variations of these products are available so that the digital 
systems designer now has a comprehensive set of register 
functions available for todays high speed designs. 


THE Am54S/74S194 AND Am54S/74S195 
SHIFT REGISTERS 


The logic diagrams of these advanced Schottky registers to- 
gether with the logic symbol representing their logic function 


are shown in Figure 1. These devices are perhaps the most 
popular four bit shift registers and are useful for a variety of 
storage and control functions. 


For both registers, the outputs change state synchronously 
following a LOW-to-HIGH transition on the clock input, CP. 
Both devices have an active-LOW synchronous clear (CLR) 
which forces all outputs to the LOW state (Qp HIGH) in- 
dependent of any other inputs, All control inputs are buffered 
to present only one Schottky TTL load to the system, and all 
outputs can drive 10 Schottky loads in the LOW state and 20 
in the HIGH state. Because all the flip-flops are D-type, they 
do not catch O’s or 1’s, and the only requirements on any of 
the inputs is that they meet the short set-up and hold time 
intervals with respect to the clock LOW-to-HIGH transition. 


The Am54S/74S194 shift register operates in four modes 
under control of the two select inputs, Sg and S;. The four 


LOGIC DIAGRAMS 


Am54S/74S194 


rea ren eee ee ee 
To | 8 ele ca een OE omening 


intitle 
Je LU JJ 


if 


Am54S/74S 194 


Qn Og Ac AD 


ot 
ehh 


Am54S/74S195 


O an oF Op Qc 


Vec = Pin 16 
GND =Pin8 


Figure 1. Logic Diagrams and Logic Symbols for the Am54S/74S194 and Am54S/74S195 Shift Registers. 
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modes are parallel load (data comes from the parallel inputs), 


shift right (data comes from the flip-flop to the left, with the | 


Qa bit input from R), shift left (data comes from the flip-flop 
to the right, with the Op input from L), and hold or do nothing 
(each flip-flop receives data from its own output). It should be 
noted that on the Am54S/74S194 register there are no 
restrictions on the Sg and Sj select inputs when the clock is 
LOW as there are on the Am54/74194 shift register. 


The Am54S/74S195 can either parallel load all four register 
bits via the parallel inputs (A, B, C, D) or shift each of the 
four register bits right one place. The shifting or parallel load- 
ing is under control of the shift/load input (S/L). When the 
shift/load input is LOW, data is loaded from the parallel data 
inputs; when the shift/load input is HIGH, data is loaded from 
the register bits on the left. The first bit, Qa, is loaded via the 
J and K inputs in the shift mode. The Function Tables for the 
Am54S/748194 and Am54S/74S195 registers are shown in 
Figure 2. 


THE Am25S07 AND Am54S/74S174 SIX-BIT REGISTERS 


The logic diagrams and logic symbols representing these 6-bit 
registers are shown in Figure 3. Both devices consist of six 
D-type positive edge triggered flip-flops with a buffered com- 
mon clock. Each flip-flop has a separate D input and a separate 
QO output. 


The Am54S/74S174 register has an asynchronous active-LOW 
buffered clear input. When the clear input is LOW, the O out- 
puts are LOW independent of the clock or D inputs. 


The Am25S07 is similar to the Am54S/74S174 except the 
common clear input is replaced by a common active-LOW 


Registers 


clock enable (E). When the clock enable input is LOW, the 
data on the D inputs are stored in the register on the positive 
going edge of the clock. When the clock enable is HIGH, the 
register will not change state regardless of the clock or data in- 
puts transitions. 


This clock enable (or strobe) is extremely useful in many ap- 
plications since it removes the necessity of gating the clock line 
of the register. Thus, the register can be controlled to enter 
data as required without additional clock propagation delay. 
There are no restrictions on this clock enable. The only re- 
quirement is that the clock enable input and data inputs meet 
the set-up and hold times with respect to the clock LOW-to- 
HIGH transition. The Function Tables for the Am54S/74S174 
and Am25S07 registers are shown in Figure 4. 


THE Am25S08 AND Am54S/74S175 FOUR-BIT REGISTERS 


The logic diagrams for these four-bit registers and the logic 
symbols representing them are shown in Figure 5. Both de- 
vices consist of four D-type positive edge triggered flip-flops 
with a buffered common clock. Each flip-flop has a separate D 
input and separate Q and O outputs. Having both outputs 
available makes these registers particularly useful for general 
purpose decoding and control applications. 


These devices are similar to the Am25S07 and Am54S/74S174 
registers in that the Am25S08 has a buffered clock enable in- 
put and the Am54S/74S175 has an asynchronous active-LOW 
buffered clear input. The operation is similar to that described 
in the previous section and the Function Tables are as shown 
in Figure 4, 


FUNCTION TABLES 


Am54S/74S 194 


INPUTS OUTPUTS 
| Serial | Parallel 


X 
x X X X XINC NC NC NC 
Xx X X X X INC NC NC NC 
px x fp . 


FUNCTION | Clear 


Clear 


Bea 


Parallel 
Load 


xm ix x*K!|x 
It Ii xK xix 
x | KK] XK 


x< &X 


Ire 
xx) ie 


Right 


xrycrr 


Left 
Hold 


r 


= 
cycr 


x 
x< 


No 
Change 


H = HIGH X = Don’t Care 

L = LOW NC = No Change 

t = LOW-to-HIGH transition. 

Dj = May be a HIGH or a LOW and the respective output will assume the 
same state. 


Am54S/74S195 


Q 

ie] 

Q 
x 

q 

x |All 


ae 


A 
x 


rImirer| x 
-r-xorl) KKK 


X = Don’t Care 
NC = No Change 
t = LOW-to-H!IGH transition. 
D; = May be a HIGH or a LOW and the respective output will assume the 
same state. 


Notes: 1. If the J and K inputs are tied together, the common line becomes a 
D-Type input to the first bit in the shift mode. 


2. Linear feedback shift counters can be made by connecting the Qp and 
Qp outputs to the K and J inputs, respectively. 


Figure 2. Function Tables for the Am54S/74S194 and Am54S/74S195 Shift Registers. 
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LOGIC DIAGRAMS 


Am25S07 


LOGIC SYMBOLS 


E Do Dy D2 03 D4 D5 


Dy, D2 


D3 D4 


Am54S/74S174 
6-BIT REGISTER 


Q; Q2 Q3 Ay 


Am25S07 
6-BIT REGISTER 


Qo Q: Q2 Q3 4 AS 


2 5 7 0 12 15 


Figure 3. Logic Diagram and Logic Symbols for Am25S07 and Am54S/74S174 Registers. 


FUNCTION TABLES 


Am25S07, Am25S08 Am54S/74S174, Am54S/74S175 


fo [a 


NC x 
NC x NC NC 
NC x NC NC 
a L L H 
L 
H H L 
H = HIGH NC = No Change 
L=LOW X =Don't Care 
= LOW-to-HIGH Transition ‘H = HIGH X = Don’t Care 
Q; on Am25S08 Only L = LOW NC = No Change 


t = LOW-to-HIGH Transition 
Note: Q; on Am54S/74S8175 only 


Figure 4. Function Tables for Am25S07, Am25S08, Am54S/74S174 and Am54S/74S175 Registers. 
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LOGIC DIAGRAMS 
Am25S08 


D2 


Am54S/74S175 
4-BIT REGISTER 


11.10 14 15 


Voc = Pin 16 
GND = Pin8 


Figure 5. Logic Diagrams and Logic Symbols for Am25S08 and Am54S/74S175 Registers. 


LOGIC DIAGRAM 


Doa Dog D1A Dip D2A Dog 03a D3B 
Am25S09 


Qo 


Vcc = Pin 16 
GND = Pin8 


Figure 6. Logic Diagram and Logic Symbol for the Am25S09 Register. 
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THE Am25S09 FOUR-BIT REGISTER 


This device is a four-bit register that features a quad two input 
multiplexer at the input of the register. This allows data to be 
stored in the register from either of two different data inputs. 
The logic diagram and logic symbol for this device is shown 
in Figure 6. 


The register consists of four D-type positive edge triggered 
flip-flops with a buffered common clock and a two-input 
multiplexer connected to the D input of each flip-flop. A buf- 
fered common select line, S, controls the state of the four 
multiplexers. When the S select input is LOW, the A input 
word will be stored in the register. When the S select input is 
HIGH, the B input word will be stored in the register as shown 
in the Function Table of Figure 7. This ability to select the 
register input from either of two data sources is particularly 
useful in many applications. The data from one of two sources 
may be programmed or perhaps an operate/manual test 
capability is performed. 


APPLICATIONS 


Applications for these registers are numerous. By having both 
four-bit and six-bit versions available, many general and 
special data storage applications are easily handled. Also, the 
registers with the clock enable input provide a unique 


IN 


By 0; Ds Dab, D 
ENABLE Bo ee es 8 
Am25S07 


CLOCK cP 


DATA OUT 


Six-Bit Shift Register with Clock Enable. 


D D D D D D 
ENABLE E e t 2 : A ? 


Am25S07 


CLOCK cP. 


DATA OUT 


Triple Two-Bit Register with Clock Enable. 


capability for many high-speed synchronous systems. With so 
many Schottky TTL registers available, the digital designer 
now has the right register for each data storage application. 
Applications for the registers previously described are shown 
on the remaining pages. 


FUNCTION TABLE 


al eres DATA | INPUTS at a 
DiA Dip 


H = HIGH Voltage Level 
X = Don’t Care 
t = LOW-to-HIGH Transition 


L = LOW Voltage Level 
i =0,1,2,o0r 3 


Figure 7. Function Table for the Am25S09 Register. 


Do Dy D> Dz Dg D 
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Am54S/74S 174 


cP 
Q Q,; Q Q3 Qy Os 


DATA OUT 


Dual Three-Bit Shift Register with Clear. 


+ 
~~ 
= 

S a) 

3 + 

ve) pe 

N w 

E 3 
¢ 
E 
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ENABLE CLEAR 


Two-Word Six-Bit Register with Clock Enable Load on the 
First Word and a Clear on the Second Word. 


One useful but often overlooked application for the Am25S07 and Am54S/74S174 is in a shift register 
connection with the output of one register stage acting as the input of the next register stage. Shift right (or 


left) connections for these devices are shown. 


If the Am25S08 or Am54S/74S175 four-bit registers are 


connected in a similar fashion, both the true and complement outputs are available. This is especially useful 


in some decoder applications. 


Figure 8. D-Type Registers Connected for Shifting. 


Registers 


& 


i So” A 8B Cc D L 
$4 Am54S/74S 194 Am54S/74S 194 Am54S/74S 194 
cP cP cP 
ctr Qa Og Ac AD ctr 24 Og A AD ctr C4 Og Ac AD 


Bo 8; Bg B3- Bg Bs Be B7 Bg Bg Bio B11 


The normal shift register connection for long words using the Am54S/74S 194 features shift-right, shift-left, 
parallel load or hold data modes. It can be connected to circulate data in either direction or shift in O's or 
1's at either end. The Am54S/74S195 is connected in a similar fashion, however, the device can shift data 
in only one direction. Although the Am54S/74S195 is called a shift-right register, it can be used to shift data 
left by relabeling the shift and parallel inputs and the O outputs. 


Figure 9. Connecting the Am54S/74S194 Shift Register for Longer Words. 


Am2802 
256 x 4 DYNAMIC 
SHIFT REGISTER 


Am25S09 
Am25S09 


CLOCK 
LOAD/RECIRCULATE 
STATIC TEST/OPERATE 


The Am25S09 can be used in a 258 x 4 memory system with load/recirculate control, and 1 x 4 static test 
capability for the system. This circuit is especially useful in digital filtering where special algorithms require 
a static single step operation for testing purposes. MOS interface is one STTL unit load at each end. The re- 
quired pull-up and pull-down resistors are not shown. 


Figure 10. Using the Am25S09 with Dynamic Shift Registers. 


Registers. 


CLOCK 


LEFT/RIGHT 
SHIFT SELECT 


SHIFT 
LEFT 
OUT 


A ate 03a Dog Dig D2g Dap 


Am25S09 


Q2 


Am25S09 


Q2 


The Am25S09 used to store a word from either data bus A or data bus B. 


Figure 11. Selective Bus Storage with the Am25S09 Register. 


TO 
ADDITIONAL 
STAGES 


Am25S09 SHIFT 


RIGHT 
hed ca 


; ‘ nal 


Wy Wo W3 


The Am25S09 can be used as a shift-left, shift-right register under contro! of a single select input. This 
connection can also be used as a clocked last-in, first-out (L1FO) memory. The output data is available in 
either serial or parallel form. 


Figure 12. The Am25S09 as a LIFO Memory. 
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NORMAL DEFINITIONS ALTERNATE DEFINITIONS 


— 
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—_ 
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= 
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— 
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— 
£S 
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0 
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A high-speed modulo 15 linear feedback shift register takes advantage of the J and K inputs on 
the Am54S/74S195. The “‘decimal’’ sequence is determined by the weight assigned to the out- 
put pins and many alternate definitions are possible. Registers of longer length can be built by 
cascading additional Am54S/74S195's. Binary state 15 (all 1’s) is not self-correcting. The clear 
or parallel load should be used to initialize the register. 


Figure 13. Pseudo- Random Feedback Registers. 
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INPUT WORD 1 


DATA BUS 
WORD 2 
A 
SELECT 
B 
Am54S/748139 
Yo 
ENABLE 
WORD 3 
2 Q2 
Am25S07 WORD 4 
D Q 


3 
Q4 


are eee ee 
ad 
C 
an 


The clock enable on the Am25S07 or Am25S08 can be used to perform selective register loading from a 
common data bus. One-half of an Am54S/74S139 dual one-of-four decoder provides the select signals as 
controlled by the two-bit select field (A and B). The enable input (G) on the Am54S/74S139 can be used to 
inhibit loading of any of the four registers. 


Figure 14. Selecting Data for One Register. 
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PARALLEL DATA INPUTS 


SERIAL 
| INPUT 


LOAD/SHIFT 
CONTROL 


CLOCK 


Often a need occurs to delay one or two signals by a few clock cycles. This example shows the Am25S09 
providing two clock delays for two input data paths. In addition, a parallel preset (or clear) is available via 
the load/shift control for initialization. Also, the data delayed by one clock cycle is available if needed. 


Figure 15. Dual Two-Bit Right-Shift Register with Full Parallel Load. 


D2 D3 
ENABLE 


Am25S08 
CLOCK 


D, Dy Dz Dy Os Dg Dd, 


Am54S/74S151 


FUNCTION TABLE 


The Am25S08 is shown combined with an Am54S/74S151 


eight-input multiplexer to build a 4-bit shift counter. This 
technique provides the ability to design many unique codes. 
By using the Am54S/74S251 eight-input multiplexer with 
three state outputs, the same register can be used with inter- 
changeable codes depending on which multiplexer output is 
enabled. The Am54S/74S195 can also be very useful in this 
application since both the Qp and Op outputs are available 
and the J and K inputs can be tied to the multiplexer output 
to provide a D-type input. This device offers a direct clear as 
well as a parallel load for initialization to any counter state. 
However, the true and complement outputs are not available 
with the Am54S/74S195. 


- = Oo- 8) Oo oO O° 

onr =- O fF = - OO CO 
jo) oo Rm = Oo -Ss = = OO 
oOo;}jooo0oe.r. 0-= - = 


ow) 
Oo 


Figure 16. Shift Register Generates Unique Counting Codes. 
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Registers 


ete: fee tea: te 


50 a [ 
bee ee eee a eee 


FUNCTION TABLE 


Ce GD EE Gi EE > EE GD) 


0 0 
0 1 
1 0 
1 1 
0 0 
0 1 
1 0 
1 1 


Two Am25S09 registers with the two input multiplexer can be used in conjunction with two Am25S10 
four-bit shifters to implement an eight-bit full end around shifter (barrel shifter) with storage. The Function 
Table shows the data rotation for the various three-bit select field states. 


Figure 17. Eight-Bit Full End Around Shift with Storage. 
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Registers 


FUNCTION TABLE 


Output 
S;1 Sg Y 


State 
Number | Sq = S3 


Ww xX Z 

0 0 0 0 0 0 A C B D 
1 0 0 0 0 1 D B A C 
2 0 0 0 1 0 C A D B 
3 0 0 0 1 1 B D C A 
4 0 0 1 0 0 D A C B 
5 0 0 1 0 1 C D B A 
6 0 0 1 1 0 B C A D 
7 0 0 1 1 1 A B D C 
8 0 1 0 0 0 B D A C 
fs) 0 1 0 0 1 A C D B 

10 0 1 0 1 0 D B C A 

11 0 1 0 1 1 C A B D 

12 0 1 1 0 0 C B D A 

13 0 1 1 0 1 B A C D 

14 0 1 1 1 0 A D B C 

15 0 1 1 1 1 D C A B 

16 1 0 0 0 0 State 9 

17 1 0 0 0 1 State 10 

18 1 0 0 1 0 State 11 

19 1 0 0 1 1 State 8 

20 1 0 1 0 0 

21 1 0 1 0 1 

22 1 0 1 1 0 

23 1 0 1 1 1 

24 1 1 0 0 0 State 3 

25 1 1 0 0 1 State O 

26 1 1 0 1 0 State 1 

27 1 1 0 1 1 State 2 

28 1 1 1 0 0 B A 

29 1 1 1 0 1 A D 

30 1 1 1 1 0 D C 

31 1 1 1 1 1 C B 


Two Am25S$10 four-bit shifters are used in conjunction with an Am25S09 register to perform all possible 
permutations on four inputs. The number of combinations possible on n items is given as n!. Thus, for n 
equal to 4, 24 combinations are possible. The Function Table shows all 32 combinations of the 5-bit select 
code including the 8 redundant states. The four outputs are stored via the Am25S09 register. This con- 
nection can be particularly useful in security systems and certain random number generation schemes. The 
eight redundant states can be placed at other select field locations through proper design. 


Figure 18. Perform all Permutations on Four Inputs. 
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Registers 


kg ky ko kg 


X-1 XQ %1 %2 XB %4 
v4 
Ys Yo 


Am25S05 Am25S05 


Am54S/748174 


Q2 3 


CLOCK 


The Am54S/74S174 register is used to hold the running partial product of an 8-bit serial-parallel 2's com- 
plement multiplier. The Am25S05 2’s complement multiplier provides the combinatorial logic of Booth’s 
algorithm. This connection multiplies a parallel X word by a serial Y word (LSB first) to give a resultant 
serial product word P (LSB first). If the entire product is to be taken in serial form, the Y input sign bit 
must be extended for the total number of clock cycles. For example, an 8-bit X multiplied by an 8-bit Y 
requires 16 clock cycles and the Y's sign must be extended for the last eight clock cycles. 


Figure 19. Serial-Parallel Multiplication. 
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Registers 


DATA INPUT 
(0) 1 2 3 4 5 6 7 8 9 10 11 
SRR! CNS (Rare DREN SARTO as SE maa ee ier UN EY 
aan a ame EET eae Se A een es ene SPA! 
RS Wael We es ees Eee Eee Gee 
ee es es ers oan ee ee 
(Sai Re RS ees EE 
Pe Se an Hels AIRE eres 
eee eee eee Dd 
a ae 
aes eee 
_ PRGRRERE aRRRERe avers 
heats 
Cin Cg Ch+4 Co 
Am54S/74S 181 So Am54S/74S181 Am54S/74S181 
4.BiT ARITHMETIC s 4-BIT ARITHMETIC 4-BIT ARITHMETIC 
LOGIC UNIT 1 LOGIC UNIT LOGIC UNIT 
: Fy Fo F3 : Fo Fy Fo Fz «A=8 
So Oe ee ee ee eee 
s ee See a RE De eee i eee ee ee 
1 
59 Se ea (a enema Sy ems a De ee 
Sq aes Soa ee ee ee ee 
ENABLE a il 
eee Slee t ACCUMULA 
Dz D3 D4 D5 E Dp Dy Dg Dg 04 Dg 
CLOCK cP Am25S07 cp Am25S07 
5 QO 0, Q a 
| pe 
2 De eee 
Ae a eae 
Ce ee es 
Sos aces FR 
(inet Sere ei ae es ie 
2 eer 2s I Ee 
Ss Bes eee I 
=n Tal sk BS ee ene BE Be es ee 
aS ae ee eee eee 0 a ee 
Oo 1 2 3 4 §5 6 7 8 9 10 11 A=B 


DATA OUTPUT 


The clock enable feature of the Am25S07 can be used to advantage in a high-speed arithmetic logic 
accumulator. Clearing is accomplished via one of the 16 select states of the Am54S/74S181. 


Figure 20. High-Speed Arithmetic Accumulator. 


Registers 


CLOCK 


CLEAR 


Am54S/74S 195 


Qo Q3 


FUNCTION TABLE 


2 


3 
4 
5 
6 
7 
8 


CLOCK 


CLEAR 


H = HIGH 


The Am54S/74S195 shift register can be used in conjunction with one two input NAND gate to form a 
divider chain of any length. The output waveform will be approximately a 50% duty cycle. One shift 
register can be used to cover the range of + 2 through + 8. Using two shift registers, the range of + 9 through 
+.16 is covered. If three shift registers are used, the range of + 17 through = 24 is possible; and so forth. 


Figure 21. Shift Register Counter of any Length. 
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Registers 


~ 
2 
Ww 
+ 
i 
wa 
vt 
wo 
— 
x 


Wis 
MS w 
= 15 
< ¢ (SIGN) 
Wi4 = 3 
9 t 
S Q Wi4 
3 g 
wT 
€ 
W413 < Wig 
Wi2 
w 
Way ri 
Wio 
Ds sv 
Wio s as “i 
+ Yn 9 
x $ INTEGRATOR 
g 5 . OUTPUT 
2 2 We NEUE 
w 
9 2 < TO 
W, ADDER 
We 
E7 
(SIGN) 
Wy 
WwW 
5 
Eg _ 
We = Wa 
G S 
Es 3S D3 2 W3 
E SN 
iB) wo Ww 
2 é 2 
E4 Py w 
. ae | | 
DATA 0 0 Wo 
INPUT 
) 
E3 
W3 
E> z 
W> 2 
zs 
lad 
d 
Ey 2 
Wy ¢ 
EQ CLEAR 
Wo 


Am54S/74S181 in Add Mode. 


The Am54S/74S174 can be used as the accumulator register in a high-speed digital integrator. The data 

input is an 8-bit two’s complement number while the data output is a 16-bit two’s complement number. 

Provision is made to detect integrator overflow. The DC gain of the integrator for a single input sample is 
1 . 

256. Thus, the transfer function of this integrator is given as 


A typical application for such an integrator is to smooth a video signal. For example, a bipolar analog signal 
is converted to an eight-bit 2’s complement representation, via an A/D converter, passed through the in- 
tegrator, and then reconverted to an analog signal via a D/A converter. 


Figure 22. Digital Integrator. 
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Am25S09 


Quad Two-Input, High-Speed Register 


Distinctive Characteristics 


@ Four-bit register accepts data from one of two 4-bit 
input fields. 


@ Edge triggered clock action 
@ High-speed Schottky technology. 


® 100% reliability assurance testing in compliance with 
MIL-STD-883. 


@ Electrically tested and optically inspected dice for 
the assemblers of hybrid products. 


FUNCTIONAL DESCRIPTION 


The Am25S09 is a dual port high-speed, four-bit register 
using advanced Schottky technology to reduce the effect 
of transistor storage time. The register consists of four D 
flip-flops with a buffered common clock, and a two-input 
multiplexer at the input of each flip-flop. A common select 
line, S, controls the four multiplexers. Data on the four 
inputs selected by the S line is stored ia the four flip-flops 
at the clock LOW-to-HIGH transition. When the S input is Qy Q2 
LOW, the DjA input data will be stored in the register. 

When the S input is HIGH, the Djp input data will be 

stored in the register. 


Doa Dopp 01a 0iB D2a D2g 03a D3B 


Am25S09 


Vcc = Pin 16 
GND = Pin8 


LOGIC DIAGRAM 


ORDERING INFORMATION CONNECTION DIAGRAM 


Top View 


Package 
Type 
Molded DIP 
Hermetic DIP 
Dice 
Hermetic DIP 
Hermetic Flat Pak 
Dice 


Temperature 
Range 


0°C to +70°C 

0°C to +70°C 

0°C to +70°C 
-~55°C to +125°C 
-55°C to +125°C 
-55°C to +125°C 


Order 
Number 


AM25S09PC 

AM25S09DC 
AM25S09XC 
AM25S09DM 
AM25S09FM 
AM25S09XM 
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Note: Pin 1 is marked for orientation 


Am25S09 
MAXIMUM RATINGS (Above which the useful life may be impaired) 


Storage Temperature —65°C to +150°C 
Temperature (Ambient) Under Bias —55°C to +125°C 
Supply Voltage to Ground Potential (Pin 16 to Pin 8) Continuous —0.5Vto+7V 
DC Voltage Applied to Outputs for High Output State —0.5 V to +Vec max. 
DC Input Voltage —0.5V to +5.5V 
DC Output Current, Into Outputs 30mA 
DC Input Current —30 mA to +5.0mA 


Sn on 


ELECTRICAL CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (Unless Otherwise Noted) 


Am25S09 XC Ta = 0°C to +70°C Vcc = 5.0V +5% (COM'L) MIN. = 4.75V MAX. = 5.25V 
Am25S09 XM Ta = -85°C to +125 C Vcc = 5.0V + 10% (MIL) MIN. = 4.5V MAX. = 5.5V 
Parameters Description Test Conditions (Note 1) Min. Typ.(Note 2) Max. Units 


Output HIGH Voltage 


3.4 
VIN = Vin or VIL 2.5 3.4 
V = MIN., | =20.0mA 
ce OL 0.3 Volts 
Vin = Vin oF VIL 
2.0 


Output LOW Voltage 


Input HIGH Level Guaranteed input logical HIGH Volts 
voltage for all inputs 

Guaranteed input logical LOW Volts 

voltage for all inputs 

input Clamp Voltage Vcc = MIN., li_“, = —18MA aa —1.2 


Hie Unit Load. : 7 
1 Unit Load 


Input HIGH Current 
a ae | mA 


mA 
uA 
Input HIGH Current | 10 | mA 
a 
. For conditions shown as MIN. or MAX. use the appropriate value specified under Electrical Characteristics for the applicable device type. 


1 
2. Typical limits are at Vcc = 5.0V, 25°C ambient and maximum loading. 

3. Actual input currents = Unit Load Current x Input Load Factor (See Loading Rules). 
4 

5 


Input LOW Level 


Vcc = MAX., Vin =5.5V 


Output Short Circuit Current 
(Note 4) 


Power Supply Current 


Vcc = MAX. (Note 5) 


_ Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 
_ Measured with Select and Clock inputs at 4.5V; all data inputs at OV; all outputs open. 


Switching Characteristics (Ta = +25°C) 
Parameters Description Test Conditions Min. Typ. Max. Units 


es ee 
ee 


Vcc = 5.0V, CL = 15pF, Ry = 2802 
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Am25S09 


FUNCTION TABLE LOADING RULES (In Unit Loads) 


DATA | INPUTS | OUTPUT 
Dia Dip Q; 


Fan-out 
Input Oufput Output 


Input/Output Pin No.’s Unit Load HIGH LOW 
S 1 1 _ _ 


No 


Qo x 20 10 


Dov 3 1 _ —_ 

Dos 4 1 _ _ 

Dip 5 1 — —_ 
H = HIGH Voltage Level L = LOW Voltage Level Dia 6 u i = 
X = Don’‘t Care i =0,1,2,o0r3 7 


t = LOW-to-HIGH Transition 


©} & 


10 
1 
12 
13 
14 
15 a 

16 = - 


A Schottky TTL Unit Load is defined as 50 yA measured at 2.7 V 
HIGH and —2.0 mA measured at 0.5 V LOW. 


DEFINITION OF FUNCTIONAL TERMS 


DoA, D1A,D2A4,D3A The “A” word into the two-input 
multiplexer of the D flip-flops. 


SCHOTTKY INPUT/OUTPUT 
CURRENT INTERFACE CONDITIONS 


DRIVING OUTPUT DRIVEN INPUT 


Dos, 01g, D2B, D3R The “B’ word into the two-input 
multiplexer of the D flip-flops. 


UNIT LOAD 
2.8k2 NOM 


Qo, Q1, Q2,Q3 The outputs of the four D-type flip-flops of 
the register. 


S Select. When the select is LOW, the A word is applied to 


the D inputs of the flip-flops. When the select is HIGH the B 
word is applied to the D inputs of the flip-flops. 


CP Clock Pulse. Clock pulse for the register. Enters data on 
the LOW-to-HIGH transition of the clock line. 


: Actual current flow direction shown 
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Am25S09 


APPLICATIONS 


Am2802 
256 x 4 DYNAMIC 
SHIFT REGISTER 


Am25S09 
Am25S09 


CLOCK 
LOAD/RECIRCULATE 
STATIC TEST/OPE RATE 


Am25S09 used in 258x 4 memory system with load/recirculate control, and 1x4 static test capability for the system. MOS interface is one 
load at each end. This circuit is especially useful in digital filtering where special algorithms require a static single step operation for testing 


purposes. 


$1 
Am25S09 


CP1 


Q2 Q3 


$2 
Am25S09 
CP2 
Q2 
$3 
Am25S09 
CP3 


QQ 


WORD 3 


Am25S09 used to store a word from either data bus A or data bus B. 


Metallization and Pad Layout 


DIE SIZE: 0.067" X0.073" 
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Am25S10 


Four-Bit Shifter With Three-State Outputs 


Distinctive Characteristics 


@ Shifts 4-bits of data to 0, 1, 2 or 3 places under con- 
trol of two select lines. 


@ Three-state outputs for bus organized systems. 


FUNCTIONAL DESCRIPTION 
The Am25S10 is a combinatorial logic circuit that accepts a 
four-bit data word and shifts the word 0, 1, 2 or 3 places. 
The number of places to be shifted is determined by a two- 
bit select field Sg and $1. An active-LOW enable controls 
the three-state outputs. This feature allows expansion of 
shifting over a larger number of places with one delay. 


By suitable interconnection, the Am25S10 can be used to 
shift any number of bits any number of places up or down. 
Shifting can be logical, with logic zeroes pulled in at either 
or both ends of the shifting field; arithmetic, where the 
sign bit is repeated during a shift down; or end around, 


where the data word forms a continuous loop. 


ORDERING INFORMATION 


Package 
Type 


Molded DIP 
Hermetic DIP 
Dice 
Hermetic DIP 
Hermetic Flat Pak 
Dice 


Temperature 
Range 


0°C to+70°C 

O°C to +70°C 

O°C to +70°C 
-~55°C to +125°C 
-~55°C to +125 C 
~55°C to +125 °C 


@ 6.5 ns typical data propagation delay 

e Alternate source is 54S/74S350 

@ 100% reliability assurance testing in compliance with 
MIL-STD-883. 


LOGIC SYMBOL 


glia ly igo ty Ila 13 
s4 


Am25810 


Vcc = Pin 16 
GND = Pins 


LOGIC DIAGRAM 


Order 
Number 


AM25S10PC 

AM25S10DC 
AM25S10XC 
AM25S10DM 
AM25S10FM 
AM25S10XM 
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CONNECTION DIAGRAM 
Top View 


v4 


Note: Pin 1 is marked for orientation 


Am25S$10 


MAXIMUM RATINGS (Above which the useful life may be impaired) 
Storage Temperature —65°C to +150°C 


Temperature (Ambient) Under Bias —55°C to +125°C 
Supply Voltage to Ground Potential (Pin 16 to Pin 8) Continuous —0.5Vto+7V 
DC Voltage Applied to Outputs for High Output State _ —0.5 V to +Vcc max. 
DC Input Voltage —0.5 V to +5.5V 
DC Output Current, Into Outputs 30mA 
DC Input Current —30 mA to +5.0mA 


se ee ee 


ELECTRICAL CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (Unless Otherwise Noted) 


Am25S10XC Ta =0°C to +70 C Voc = 5.0 V +5% (COM'L) MIN. = 4.75 V MAX. = 5.25V 
Am25S10XM Ta = -55°C to +125°C Voc = 5.0V + 10% (MIL) MIN. = 4.5V MAX. = 5.5V 
Parameters Description Test Conditions (Note 1) Min. Typ.(Note 2) Max. Units 


Volts 


NO 
BS 


Vec =MIN., XM IoH = -2mA : 
VOH Output HIGH Voltage 
Vin = Vin or Vit | XC IoH =—6.5mA 2.4 
V = MIN., | =20mA 
VOL Output LOW Voltage ce OL 
Vin = Vin or Vib 
Vig Input HIGH Level Guaranteed input logical HIGH 
voltage for all inputs 
V W Level : 
iNPHEED si voltage for all inputs 
Input Clamp Voltage Voc = MIN., lin, = —18mMA 
He Unit Load 
Vcc = MAX. = 0. 
Input LOW Current Cos MARS NING ON 
hy Unit Load = a 
(Note 3) Input HIGH Current Vice = Me MIN ae 
j Vo =2.4V 
Output Current Vo =0.5V 
Po input HIGH Current 
Output Short Circuit Current ae - 
Vcc = MAX., V =0.0V 
Voc = MAX., All outputs open, 


Notes: 1. For conditions shown as MIN. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type. 
2. Typical limits are at Voc = 5.0V, 25°C ambient and maximum loading. 
3. Actual input currents = Unit Load Current x Input Load Factor (See Loading Rules). 
4. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 


0 


oOo 


Volts 


wo! Go 
NO) > 


Volts 


Guaranteed input logical LOW 


Volts 


~ 
Oo 


—1.2 Volts 


mA 


| 
» 
ro) 


A 


oO 
(o) 


ili al ao 

o| Oo 
3) r 
E ° 


= 
oO 


A 


o 
> 


i. 
> 


Switching Characteristics (Ta = +25°C) 
Parameters Description Test Conditions Min. Typ. Max. Units 


t 
| ten Data Input to Output 
t 


= 
Output Control OE to Output 
| 
= 
Output Control OE to Output Veco = 5V, Cy = SpF, Ry = 2802 
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Voc = 5.0V, CL = 15pF, RL = 2802 


Am25S10 


PERFORMANCE CURVES 
SWITCHING CHARACTERISTICS 


DEFINITION OF FUNCTIONAL TERMS 


1; | The seven data inputs of the shifter. 
OE Enable. When the enable is HIGH, the four outputs are in 


the high impedance state. When the enable is LOW, the selected 
Ij inputs are present at the outputs. 


Data to Output 
(Typical) 


So, $1 Select inputs. Controls the number of places the inputs 
are shifted. 


Yj; The four outputs of the shifter. 


LOADING RULES (In Unit Loads) 


Fan-out 
Input Output Output 

Input/Output Pin No.’s Unit Load HIGH LOW 

(Note1) XM XC 


1 = a ans 


tp — PROPAGATION DELAY — ns 


4 
—75 —50 -25 0 25 50 75 100 125 


Ta — AMBIENT TEMPERATURE — °C 


do 
—_ 


1.5 _ = = 
1.5 — — _ Select to Output 
15 aes _ (Typical) 


OO; CO; N! ©) oO) BB] WIND 


tp — PROPAGATION DELAY — ns 


11.0 
——$ —75 -50 -25 0 25 50 75 100 125 


Ta — AMBIENT TEMPERATURE — °C 


A Schottky TTL Unit Load is defined as 50 uA measured at 2.7 V 
HIGH and —2.0mA measured at 0.5V LOW. 


LOGIC EQUATIONS 


Note: 1. The fan-in on I_9, !_4, !9, 14 and Ia will not exceed 1.5 
‘Unit Loads when measured at Vj; = 0.5 V. As Vi, is decreased to 
OV, the input current Il;; MAX. increases to —4, —6, —8, —6 and 
—4mA respectively due to the decrease in current sharing with the 
internal select buffer outputs. 


Yo= S081 Io + So $7 1-4 +509 Sq Ia + Sq $4 1-3 
Y¥1= So Sq 11+ SoS; Io +59 Sq 1-1 + SQ Sq Io 
Y2= So $1 12+ Sq S714 +5984 Io + SQ Sq 14 


Y¥3= So S41 13+ Sg Sq Ia + $9 S414 +S $4 Ip 


SCHOTTKY INPUT/OUTPUT 
CURRENT INTERFACE CONDITIONS 


Note: For additional information, see page 5-54 


DRIVING OUTPUT DRIVEN INPUT 


UNIT LOAD 
2.8k2 NOM 


TRUTH TABLE 


JOE} $1 So | Iz, Ig ly Ig 6 I 1B LY3) Yo Yq Yo 


H = HIGH X = Don’t Care 

L = LOW Z = High Impedance State 

Dy at input I, may be either HIGH or LOW and output Ym will 
follow the selected D,, input level. 


Note: Actual current flow direction shown. 
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Am25S10 


APPLICATIONS 


Oo Po 2 3 4 5 6 7 8 9 10 11 12.13 14 15 


pany | zone | 
2eaneeea Ze ae 
3 13 Lo 14 lg ty Io 3 1g tat lo ty tg Ig 
So So 
$1 Am25S10 > Am25S10 
Of OF O} OF 
3 Yo Y4 Y2 3 Yo Y4 Y2 Y3 
| Lp i 
Eat S| 
ae 


eae ee ee ae ee a 
Ss 
DEE Pee eet ee eee 


0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 


s 
LL NO SHIFT 

& H SHIFT 1 PLACE 
H L SHIFT 2 PLACES 
H H SHIFT 3 PLACES 


16-Bit Shift-Up 0, 1, 2, or 3 Places 


So 
$1 
S2 
Sg 
$2 S1 So 
L LL. NOSHIFT 
L LH SHIFT END AROUND 1 
LHL. SHIFT END AROUND 2 
L HH SHIFT END AROUND 3 
H LL. SHIFT END AROUND 4 
H LH SHIFT END AROUND 5 
H H L SHIFT END AROUND 6 
H HH SHIFT END AROUND 7 e : 7 3 : S 6 7 
8-Bit End Around Shift 0, 1, 2, 3, 4, 5, 6, 7 Places 
12 11 10 9 8 7 6 5 4 3 2 =~«1 Ss 
Ig lai to ty Ila I3 ug’ tho “ts 
© 
S; So SCALE So 
LL +8 1/8 A 
L H=4 1/4 1 
H L +2 1/2 
H H NOCHANGE 1 12 11 10 9 


DIE SIZE 0.056” X 0.066” 
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Am25S10 
FOUR:BIT SHIFTER 


By John R. Mick 


INTRODUCTION One-bit shifts of the input data word. The logic diagram of 
Figure 2 shows the internal connection of each multiplexer 
with respect to the seven data inputs. Because of this internal 
connection scheme, several devices can be connected to per- 
form shifts of 0, 1, 2, or 3 places on words of any length. 


The Am25S10 is a high-speed MSI combinatorial logic block 
built using advanced Schottky technology. The device has the 
ability to shift four bits of data 0, 1, 2 or 3 places. The 
Am25$10 has two select lines that are decoded internally to 
determine the number of places the data is shifted. The de- 
vice has seven data inputs I_3, I_9, I-14, Io, ly, lo, and Ig 
and 4 three-state data outputs Yo, Y;, Y2, and Y3 as shown 
in the logic symbol diagram of Figure 1. The three-state out- 
puts allow several devices to be bus organized for shifts of 
more than three places with a single level device propagation 
delay time. The three-state outputs are controlled by a single 
buffered active-LOW output control OE. When the output 
contro! is LOW, the data outputs will follow the selected data 
inputs. When the output control is HIGH, the data outputs 
offér a high-impedance to the data bus. 


1g laity Ig iy Ig 13 
$1 


Vcc = Pin 16 
FUNCTIONAL DESCRIPTION oe ee 
The logic equations describing the output shifting capability 
of the Am25S10 when the output control is LOW are: 
Yo=So Sy Io + So S t-1 + So S I-np + So Sy I-33 
Y¥;=So S: ly + So S} lo + So Sy I-y + So S Ip 
Yo =So S; lo + So S} 4) + Sq Sy Ip +S Sy 1-4 
Y¥3=So S31 Ig +So S lo + S09 Sy + So & Io 


GND 
From these equations it is seen that each output is op- Pin 1 is marked for orientation 
erationally equivalent to a four-input multiplexer with the 
inputs connected such that the select code generates successive Figure 1. Logic Symbol and Connection Diagram. 


Figure 2. Logic Diagram of the Am25S10. 
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The operation of the Am25S10 is pictorially depicted in 
Figure 3. Here, the four shift positions of the data outputs 
with respect to the data inputs are shown via the dashed lines 
for the four possible select codes. Figure 4 shows a similiar 
operation only the notation now represents a seven-bit input 
word Ag through Ag. The output code for each of the select 
field combinations applied to the Sg and Sj inputs is shown 
in the accompanying Function Table. In addition, the four 
outputs Yo through Y3 can be forced to the high-impedance 
state by applying a HIGH to the “output control” input. This 
allows additional shifters to be cascaded on the same output 


lines, or the shifter array to be connected to a common data bus. 
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Figure 3. The Four Shift Positions of the Am25S10. 
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Figure 4. The Am25S10 4-Bit Shifter Operation. 


Am25S10 


INPUT LOADING 


The logic diagram of Figure 2 shows the input connection 
scheme for the seven data inputs of the Am25S10. Table | 
shows the number of multiplexer inputs connected to each 
data input as well as the expected an actual Unit Load 
weighting on each input. 


TABLE | 


Actual 
Unit 
Loads 


Number of 
Multiplexer Inputs 
Connected 


Expected 
Unit 
Loads 


= 
3 


Noob WN =] # 


Since the number of gate inputs for I_9, I-17, Ig, I; and Ig 
data inputs is 2, 3, 4, 3, and 2 respectively, this could be ex- 
pected to be the unit load fan-in for these data inputs. How- 
ever, |), current sharing occurs internally with the select 
buffer outputs to reduce the external fan-in. Since a Schottky 
TTL unit load is defined as —2.0mA measured at 0.5V LOW, 
the maximum |, when measured at Vj, = 0.5V is ~—3mA or 
1.5 STTL unit loads. As the measure voltage Vj, on these data 
inputs is decreased to OV, the measured input current on |_9, 
I, Ig, ly, and Iz can increase to an tl), maximum of —4, —6, 
—8, —6 and —4 mA respectively because of the decrease in 
current sharing with the internal select buffer outputs. 


A plot of the typical input voltage versus input current for the 
data inputs is shown in Figure 5. This Figure shows the in- 
creased input current flow (negative current) as the input 
voltage is decreased. It also shows the effect of the input 
clamp diode as forward bias in applied. 
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Figure 5. Typical Input Current Characteristics. 
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Am25S 10 


LOGIC EQUIVALENTS OF THE Am25S10 


The Am25S10 exhibits several symmetrical properties that 
may be of advantage in some designs. These symmetrical 
properties involve the labeling of the inputs and outputs and 
the polarity of the select inputs. By relabeling the inputs in 
reverse order, labeling the outputs in reverse order, and con- 
sidering the select inputs in positive logic (active-HIGH) or 
negative logic (active-LOW), eight logic equivalents for the de- 
vice are possible. Figure 6 shows the operation of the device 
for the four combinations of input and output definitions for 


t_gl_9\ | i 
sg, 732-2 -1 0 1 


SELECT PINS 
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Am25S10 


the positive logic notation while Figure 7 shows the operation 
of the device for the four combinations for the negative logic 
notation. The logic symbol for each set of definitions for the 
input pins and output pins is shown adjacent to the truth table. 


This relabeling of pins can provide the designer with some 
flexibility in printed circuit board layout. Likewise, the select 
code can be either positive logic or negative logic and the in- 
put data will be passed non-inverted. In some cases, the re- 
definition allows the designer to visualize shifting up versus 
shifting down for the same select code. 


DATA INPUT PINS DATA OUTPUT PINS 


14 


Negative Logic (LOW = 1, HIGH = OQ) for the select inputs. 


Figure 7. Four Possible Input and Output Combinations for the Negative Logic Definition. 
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Am25S10 APPLICATIONS 


The four-bit shifter is an ideal MSI element for high-speed 
shifting and scaling in digital systems. By suitable inter- 
connection of the inputs and outputs, shifts of any number 
of places up or down can be made with a propagation delay 
of only one device. Shifting can be logical, with zeroes pulled 
in at either or both ends of the shifting field; arithmetic, 
where the sign bit is repeated during a shift down; or end 
around, where the data word forms a continuous loop. The 
three-state outputs can be used to increase the number of 
places shifted and also facilitate rapid data bus access in bus 
organized systems. 


The Connection Diagram and Function Table of Figure 8 show 
a 16-bit word shifted up O, 1, 2 or 3 places. In this example, 
the most significant bits (A;3, A14, A15) are discarded and 
logic zeroes are shifted in at the least significant end. 


Figure 9 shows a Connection Diagram and Function Table for 
a 12-bit word shifted down O, 1, 2 or 3 places. In this example, 
zeroes are shifted into the most significant bits and the least 
significant bits are discarded. Notice that one of the alternate 
definitions and pin assignments has been used to define the 
Am25S10. 


A complete end-around barrel shift of 0, 1, 2, 3, 4, 5, 6 or 7 
places is shown in Figure 10. In this configuration, the three- 
state capability of the outputs is used to connect one of two 
Am25S10's to the data output under the control of the Sg and 
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Figure 8. 


Am25S10 


So select inputs. This technique can be expanded for longer 
word lengths by using one-of-four or one-of-eight decoders to 
control the active-LOW “‘output control’’ input. 


A 13-bit two’s complement scaler is shown in Figure 11. For 
this connection, the sign bit is pulled in at the most significant 
end and the least significant bits are truncated. Thus, the 13- 
bit two’s complement binary output number is scaled to 1, 
1/2, 1/4, or 1/8 of its input value. 


A two-level 16-bit barrel shifter and its associated Function 
Table are shown in Figure 12. Only eight Am25S10’s are re- 
quired to perform this function. For clarity, the intermediate 
level of inputs and outputs have been labeled Bj. The sixteen- 
bit output word can be bus connected and controlled via 
the OE input. 


Figure 13 demonstrates a unique way to convert a fixed point 
positive number to a floating-point mantisa and exponent. The 
priority encoder is used to determine the most significant bit 
position of the input word with a binary ‘1’’. The priority 
encoder output is a binary weighted code representing the 
number of places the input word is to be shifted up. This code 
controls the Am25S10 shifting array and shifts the input 
word such that the Y7-bit of the mantisa is always a binary 
one (except for A = 0). The exponent is of the form 2—" where 
n is the value of the binary weighted code from the priority 
encoder. Thus, the output of this functional block is of the 
form Y2—", 


Ag Ag A10 A411 Ai2 413 A14 Als 


16-Bit Shift-Up 0, 1, 2 or 3 Places. 
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Am25S10 
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Figure 9. 12-Bit Shift-Down 0, 1, 2 or 3 Places. 
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Figure 10. Eight-Bit End Around Shift 0, 1, 2, 3, 4, 5, 6 or 7 Places. 
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Am25S10 
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Figure 11. 13-Bit 2’s Complement Scaler. 
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Figure 13. Binary Scaling to Give Mantissa and Exponent. 
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Am25S 10 
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Figure 12. Full 16-Bit Barrel Shifter. 
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FIXED MULTIPLIERS 


Digital systems requiring multiplication by a constant interger 
or constant fraction can make effective use of the Am25S10 
if the constant must be varied over several values. By using 
four-bit shifters and high-speed adders, very high-speed ‘’con- 
stant coefficient’ or fixed multipliers can be built. The tech- 
nique is shown diagrammatically in Figure 14. Here, the input 
word C is wired to the adder A inputs such that a shift of 
+ C is ‘built-in’. The Am25S10 shifter is wired to the B in- 
puts of the adder such that its four select states represent pre- 
scaling of 5C, +¢, - C, and ac of the C input word. If the 
OE input is used to disable the outputs (high impedance), the 
adder B inputs will assume the logical one state (HIGH). By 
adding a ‘‘one”’ at the adder carry input least significant end, 
the contribution of the B inputs to the sum output Is zero and 
the adder A input will be passed to the output. Thus, the OE 
input can be used to generate a zero C value from the shifter. 


Figure 15 shows the actual connection diagram for a 12-bit 
two’s complement fixed multiplier using the scheme of Figure 
14, The Y output weighting is the same as shown in the 


C INPUT 


Am25S 10 


Function Table of Figure 14. The OE input is tied directly to 


the adder least significant C,, input to complete the shifter 
“zero” output function. | 


Figure 16 shows two shifter arrays used in conjunction with 
one adder. For the shifter A and shifter B select codes shown, 
twenty multiplication constants are realized with seventeen 
constants being unique. Other combinations could be used to 
realize different outputs. The combinations possible can be 
extended greatly by using multiple adders and multiple shift- 
ing arrays. For the example of Figure 16, the zero shifter out- 
put (high-impedance state) is used with only one shifter since 
only one C,, input is available. 


This technique for fixed constant multipliers can be applied 
to two’s complement, one’s complement, sign-magnitude, or 
magnitude only arithmetic. In so doing, the sign must be 
handled appropriately and the adder output word size and 
number range must be considered. For the one’s complement 
case, the all ones representation for zero must be handled 
separately. 
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Figure 14. Parallel ‘‘Constant Coefficient’’ Multiplier Block Diagram and Function Table. 
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Figure 16. Two Shifter Arrays and One Adder Array in a Fixed Multiplier Connection. 


CONCLUSION The three-state output design of the Am25S10 provides in- 

creased flexibility in its use and the advanced Schottky con- 
The Am25S10 four-bit shifter is a new unique combinatorial struction offers minimum propagation delay. The device can be 
logic element offering the system designer new shifting and used to shift any number of bits any number of places; up, 
scaling capability not previously available in a single package. down or end-around. 
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Am25S18 


Quad D Register With Standard And Three-State Outputs 


Distinctive Characteristics 


@ Advanced Schottky technology 
@ Four D-type flip-flops 


@ Four standard totem-pole outputs 


FUNCTIONAL DESCRIPTION 


The Am25S18 consists of four D-type flip-flops with a buffered 
common clock. Information meeting the set-up and hold 
requirements on the D inputs is transferred to the Q outputs 
on the LOW-to-HIGH transition of the clock. 


The same data as on the O outputs is enabled at the three- 
state Y outputs when the ‘‘output control” (OE) input is LOW. 
When the OE input is HIGH, the Y outputs are in the high- 
impedance state. 


The Am25S18 is a 4-bit, high speed Schottky register intended 
for use in real-time signal processing systems where the 
standard outputs are used in a recursive algorithm and the 
three state outputs provide access to a data bus to dump the 
results after a number of iterations. 


The device can also be used as an address register or status 
register in computers or computer peripherals. 


Likewise, the Am25S18 is also useful in certain display appli- 
cations where the standard outputs can be decoded to drive 
LED’s (or equivalent) and the three-state outputs are bus 
organized for occasional interrogation of the data as displayed. 


ORDERING INFORMATION 


Package Temperature Order 
Type Range Number 


Molded DIP 0°C to +70°C AM25S18PC 
Hermetic DIP O°C to +70°C AM25S18DC 
Dice O°C to +70°C AM25S18XC 
Hermetic DIP —55°C to +125°C AM25S18DM 
Hermetic Flat Pak —55°C to +125°C AM25S18FM 
Dice —55°C to +125°C AM25S18XM 


CONNECTION DIAGRAM 


7 


OE 


Note: Pin 1 is marked for orientation. 


@ Four three-state outputs 

@ 75 MHz clock frequency 

@ 100% reliability assurance testing in compliance with 
MIL-STD-883 


LOGIC DIAGRAM 


! STANDARD 
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CLOCK 
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LOGIC SYMBOL 


Am25S18 


5 11 14 3 6 10 13 


Vcc = Pin 16 
GND = Pins 
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Am25S18 
MAXIMUM RATINGS (Above which the useful life may be impaired) 


Storage Temperature —65°C to +150°C - 
Temperature (Ambient) Under Bias —55°C to +125°C 
Supply Voltage to Ground Potential (Pin 16 to Pin 8) Continuous —0.5V to +7V 
DC Voltage Applied to Outputs for HIGH Output State —0.5V to +Vcc max. 
DC Input Voltage —0.5V to +5.5V 
DC Output Current, Into Outputs 30mA 


a a a a es Se 
DC Input Current —30mA to +5.0mA 


ELECTRICAL CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (Unless Otherwise Noted) 


Am25S18XC Ta = 0°C to+70°C Voc = 5.0V + 5% (COM'L) MIN. = 4.75V MAX. = 5.25V 
Am25S18XM Ta = —55°C to +125°C Vcc = 5.0V + 10% (MIL) MIN. = 4.5V MAX. = 5.5V t 
. yp. 
Parameters Description Test Conditions (Note 1) Min. (Note 2) Max. Units 


Vec =MIN., 
VIN = Vin or Vie 


Output HIGH Voltage 


Vcc = MIN., lo, = 20mA 
VIN = Vio or VIL 


Guaranteed input logical LOW 
voltage for all inputs 


Input LOW Level 


V\ Input Clamp Voltage Vcc = MIN., liye = —18MA 


{ 
ee 3) Input LOW Current Vcc = MAX., Vin = 0.5V a 
1 
oe 3) Input HIGH Current Vec = MAX., Vin = 2.7V - 


i Input HIGH Current Vcc = MAX., Vin = 5.5V 


Y Output Off-State ese Vo = 2.4V 
Leakage Current cc : Vo =0.4V 


Output Short Circuit Current = 
! Vcc = MAX. 
Power Supply Current Vcc = MAX. (Note 5) 


1. For conditions shown as MIN, or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type. 
2. Typical limits are at Voc = 5.0V, Ta = 25°C ambient and maximum loading. 

3. Actual input currents = Unit Load Current x Input Load Factor (see Loading Rules). 

4. Not more than one output should be shorted at a time. Duration of the short circuit test shoud not exceed one second. 

5. !cc is measured with all inputs at 4.5V and all outputs open. 

6. Measured on O outputs with Y outputs open. Measured on Y outputs with OQ outputs open. 


Switching Characteristics (Ta = +25°C, Vcc = 5.0V, RL. = 2802) 


Parameters Description Test Conditions Min. Typ. Max. Units 


Clock to Y Output 
(OE LOW) 


Am25S18 


TRUTH TABLE 


INPUTS OUTPUTS 


! | Zeuouexx o 
22 
Irirrirgs eo 


GrimrnNnnNnnNnn < 


cere re DLE Ss 


LOW 
HIGH 
= Don’t care 


NC = No change 
t = LOW to HIGH transition 
Z = High impedance 


When OE is LOW, the Y output will be in the same logic 
state as the O output. 


Note: 1. 


DEFINITION OF FUNCTIONAL TERMS 

Dj The four data inputs to the register. 

OQ; The four data outputs of the register with standard 
totem-pole active pull-up outputs. Data is passed non- 
inverted. 

Y; The four three-state data outputs of the register. When 
the three-state outputs are enabled, data is passed non- 
inverted. A HIGH on the “output control’ input forces the 
Yj outputs to the high-impedance state. 

CP Clock. The buffered common clock for the register. 
Enters data on the LOW-to-HIGH transition. 

OE Output Control. When the OE input is HIGH, the Yi 
outputs are in the high-impedance state. When the OE input 
is LOW, the TRUE register data is present at the Yj outputs. 


LOADING RULES (In Unit Loads) 


Fan-out 
Output Output 
HIGH LOW 


Input 


Input/Output Pin No.’s Unit Load 


Wi NI — 


40/130 


B.S 


20 10* 
40/130 10* 


or 


O;n~] & 


© 


40/130 10* 
20 10* 


40/130 


Vcc 


A Schottky TTL Unit Load is defined as 504A measured at 2.7V 
HIGH and —2.0mA measured at 0.5V LOW. 


*“Fan-out on each Q; and Yj; output pair should not exceed 15 unit 
loads (30mA) for i = 0, 1, 2, 3. 


SCHOTTKY INPUT/OUTPUT 
CURRENT INTERFACE CONDITIONS 


Y DRIVING OUTPUT | 


5022 NOM 


O 
ere ne SiS Ale i cps cine sii aa" Na AS 


QO DRIVING OUTPUT | 


i ° 


DRIVEN INPUT 


UNIT LOAD 
2.8k2 NOM 


502 NOM 
1OH Ne 


| 
| 
| 
| 
| 
| 
| 
| Ny 
| 
| 
| 
| 
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Note: Actual current flow direction shown. 
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Am25S$18 


APPLICATIONS 
if fi {} 


DECODER/ DECODER/ DECODER/ DECODER/ 
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THE Am25S818 AS A VARIABLE LENGTH (1, 2, 3 or 4 WORD) SHIFT REGISTER. 


Metallization and Pad Layout 


Do 1 15 Dg 
Qo 2 14 Q3 
DIE SIZE 
Yo 3 ag NG 0.077” X 0.079" 
Q, 5 11 Qo 
Y, 6 10 Yo 
OE 7 9 cP 


Am26S02 


Schottky Dual Retriggerable, Resettable Monostable Multivibrator 


Distinctive Characteristics 


@ Advanced Schottky technology with PNP inputs @® Am26S02XM typical pulse width change of only 
® Retriggerable 0% to 100% duty cycle 1.0% over —55°C to +125°C with Rx = 100k22. 

@ 28ns to ~ output pulse width range @ Am26S02XC typical pulse width change of only 0.4% 
@ 100kQ maximum timing resistor value over 0°C to +70°C with Rx = 100k22 


FUNCTIONAL DESCRIPTION 
The Am26S02 is a dual DC level sensitive, retriggerable, trigger gate, full pulse length triggering occurs independent 
resettable monostable multivibrator built using advanced of the present state of the monostable. 

Schottky technology. The output pulse duration and ac- 
curacy depend on the external timing components of each 
multivibrator. The Am26S02 features PNP inputs to reduce 
the input loading. 


The direct clear PNP input allows a timing cycle to be 
terminated at any time during the cycle. A LOW on the 
clear input forces the Q output LOW regardless of the 
1g or 14 inputs. 

Provision is made on each multivibrator circuit for triggering 


the PNP inputs on either the rising or falling edge of an The Am26S02XM has a typical pulse width change of only 
input signal by including an inverting and non-inverting 1.0% over the full military —55°C to +125°C temperature 
trigger input. These PNP inputs are DC coupled making range and the Am26S02XC has a typical pulse width change 
triggering independent of the input rise or fall time. Each of only 0.4% over the commercial O°C to +70°C tempera- 
time the monostable trigger input is activated from the OR ture range with a Ry = 100kQ2. 


SCHEMATIC DIAGRAM 
(One Monostable Multivibrator Shown) 
Cy 9 1115) Cy/Ry @ 2(14) 
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ORDERING INFORMATION LOGIC SYMBOLS 


Am26S02 
MM 2 


Am26S02 


Package Temperature Order MM 1 


Type Range Number 


Molded DIP 0°C to + 70°C AM26S02PC Vega Ein 16 

Hermetic DIP 0°C to + 70°C AM26S02DC She tie 
Dice 0°C to+ 70°C AM26S02XC 
Hermetic DIP —55°C to +125°C AM26S02DM 
Hermetic Flat Pak —55°C to +125°C AM26S02FM 
Dice —55°C to +125°C AM26S02XM 


Am26S02 


5 Note: 
| Pin 1 is marked 
Tr for orientation. 


lo 


Cy Ry/Cy Cp 
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Am26S02 
MAXIMUM RATINGS (Above which the useful life may be impaired) 


Storage Temperature —65°C to +150°C 
Temperature (Ambient) Under Bias —55°C to +125°C 
Supply Voltage to Ground Potential (Pin 16 to Pin 8) Continuous —0.5Vtot+7V 
DC Voltage Applied to Outputs for HIGH Output State —0.5 V to +Vcc max. 
DC Input Voltage —0.5 V to +5.5 V 
DC Output Current, Into Outputs 30 mA 
DC Input Current —30 mA to +5.0 mA 


ELECTRICAL CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (Unless Otherwise Noted) 


Am26S02 XC Ta =0°Cto+70°C Vcc = 5.0 V +5% (COM’L) MIN. = 4.75 V MAX. = 5.25 V 
Am26S02 XM Ta = —55°C to +125°C Voc = 5.0 V £10% (MIL) MIN. = 4.5 V MAX. = 5.5 V 
Parameters Description Test Conditions (Note 1) Min. Typ.(Note 2) Max. Units 


NO 


N 

oO 
o 
GW) e 
oo fe) 


Volts 


V a MIN, { > —2mA 
Output HIGH Voltage ce OH - 
Vin = Vin or Vin 
Vcc =MIN., lo_ = 20mA 
Output LOW Voltage cc OL 
Vin = Vix or Vib 


Input HIGH Level Guaranteed input logical HIGH voltage 
for all inputs 


Volts 


Volts 


Vv Guaranteed input logical LOW voltage 
IL for all inputs 


Input Clamp Voltage Vcc = MIN., Ijin = —-18mA 


| 
Ne 
= MAX., Vin = 0. 
(Note 3) Input LOW Current Vec IN = 0.5V 


Input LOW Level Volts 


Volts 


3 
> 


3S eo 
ot 
ot 
@ 
i 
5/5 
oi tb 
c Cc 
ot ct 
xr) z 
QO; © 
pm z= 
oO (2) 
eclec¢ 
= ae 
o @ 
pe} i} 
ao ot 
<i < 
QO oO 
Qa; 9a 
ul Nl 
ies 
P| > 
x| x 
<i 
zi2 
mM i! 
a) N 
olon 
<j < 
an 
ol 
| N L 
= 5S 


; 
> 


3 
> 


Vec = MAX., Vout = 1.0V 
Ta = 25°C Only 
Vcc = 5.0 V, tix = 0.33 mA (Notes 5-& 6) 


' Output Short Circuit Current 
SC (Note 4) 


Power Supply Current 


1. For conditions shown as MIN. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type. 
2. Typical limits are at Voc = 5.0 V, 25°C ambient and maximum loading. 

3. Actual input currents = Unit Load x Input Load Factor (See Loading Rules). 

4. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 

5. Icec is measured with pin 5 and 11 grounded and |; applied to pins 2 and 14. 

6. 1; is the current into the R, C, node to simulate R,. 


Switching Characteristics (Ta = +25°C) 
Parameters Description Test Conditions Min. Typ. Max. Units 


Veco =5.0 V, Ry = 2802,Cy, = 15 pF, 
Rx = 5k, Cy = 0 pF 


Vec = 5.0 V, Rx = 5.0 k2, Cx = 0 pF 
R_ = 1.0 kQ 


Vcc = 5.0 V, RL = 280 2, CL = 15 pF 
Rx = 10 k2, Cx = 1000 pF (CK05 Type) 


a 
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Am26S02 


LOADING RULES (In Unit Loads) 


DEFINITION OF FUNCTIONAL TERMS: 


Cp Asynchronous direct CLEAR. A LOW on the clear in- Fan-out 

put resets the monostable regardless of the other inputs. Input Output Output 

Tg  Active-LOW input. With 1, LOW, a HIGH-to-LOW Input/Output Pin No.’s_ UnitLoad HIGH LOW 

transition will trigger the monostable. Cx Mono 1 1 - = = 
Rx/Cx oad = = 


ly Active-HIGH input. With Ig HIGH, a LOW-to-HIGH 
transition will trigger the monostable. 


Q The TRUE monostable output. 
fe) The Complement monostable output. 


Cp 


FUNCTION TABLE 


16 


A Schottky TTL Unit Load is defined as 50uA measured at 2.7V 
HIGH and —2.0mA measured at 0.5V LOW. 


H = HIGH 
L = LOW 
t = LOW-to-HIGH Transition 
+ = HIGH-to-LOW Transition 
JL = LOW-HIGH-LOW Pulse 
“LIT 
x 


= HIGH-LOW-HIGH Pulse 
Don't Care 


Typical Normalized Typical Normalized 
Output Pulse Width Normalized Output Pulse Width Output Pulse Width 
Versus Case Temperature Versus Operating Duty Cycle Versus Supply Voltage 


Vcc =5.0V 
Cy = 1000 pF 


NORMALIZED OUTPUT PULSE WIDTH 
NORMALIZED OUTPUT PULSE WIDTH 


NORMALIZED OUTPUT PULSE WIDTH 


.98 ; 
—60 -20 0 20 60 8 100 0 10 20 30 40 50 60 70 80 90 100 
Tc — CASE TEMPERATURE — °C OPERATING DUTY CYCLE — % Vcc — SUPPLY VOLTAGE ~ VOLTS 


Output Pulse Width Versus Metallization and Pad Layout 
External Timing Capacitance 


stars 
Hs 


aia 


100 


tow — OUTPUT PULSE WIDTH — ns 


10 
1. 


Cy — EXTERNAL TIMING CAPACITANCE — pF 


DIE SIZE 0.062" X 0.071” 
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OPERATION RULES 


TIMING 
1. Timing components Cy and Ry values. 


Operating Temperature Range 
-55°C to +125°C 
5kQQ 5kQ2 
50k 


any value 


100k22 


any value 


Ry/Cy TERMINAL 
\ 


Cc 
TERMINAL 


Ry ae Ro = Ry 
R4 2 R, MIN. 
Ro< Ry MAX. —R4 . 


In the above arrangement, R71 and Cy should be as close as pos- 
sible to the device pins to minimize stray capacitance and ex- 
ternal noise pickup. The variable resistor Ry can be located 
remotely from the device if reasonable care is used. 


3. Pulse width change measurements. 


The pulse width tpwO is specified and measured with compo- 
nents of better than 0.1% accuracy. If measurements are made 
with reduced component tolerances, the expected accuracy 
should be adjusted accordingly. Note that pulse width tempera- 


ture stability improves as Ry increases. 

4. Timing for C, < 1000 pF. 

When using capacitor of less than or equal to 1000 pF in value, 
the output pulse width should be determined from the output 
pulse width versus external timing capacitance graph. 


9. Timing for C, > 1000 pF. 


For capacitors of greater than 1000 pF in value, the output 
pulse width, tow®, is determined by 


Ht) 
Rx 


towQ = 0.30 Cy Ry (: + 


where 
Ry is in kilohms 
C,. is in picofarads 
towO is in nanoseconds 


Vcc Vec 
Ry 
Q,=2N2511_—, 
2 OR EQUIVALENT 
Gy as Dy = 1N3064 OR Cy 
i EQUIVALENT ‘ 
TO Ry/Cy TERMINAL as O TORy/Cy TERMINAL 
TOC Me 
RMINA 
TERMINAL re 


Ry < 0.6 x Ry MAX. Ro <0.7 x hFEQ1 x Ry 
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Am26S02 


6. Protection of electrolytic timing capacitors. 


If the electrolytic capacitor to be used as Cy cannot withstand 
1.0 volt reverse bias, one of the two circuit techniques shown 
below should be used to protect the electrolytic capacitor 
from the reverse voltage. The accuracy of the pulse width may 
be dependent on the diode (transistor) characteristics. 


The output pulse width, tpwQ for the diode circuit modifies 
the previous timing equation as follows: 


0.13 
tpw2 = 0.26 Cy Rx 1 eS 
Rx 


The output pulse width for the transistor circuit is 


0.16 
towQ = 0.21 Cy Ry ( + =) 
Rx 


Notice that the transistor circuit allows values of timing re- 
sistor Ro larger than the Ry MIN. < Ry < R, MAX. to obtain 
longer output pulse widths for a given Cy. 


TRIGGER AND RETRIGGER 


1. Triggering. 


The minimum pulse width signal into input Ig or input I, to 
cause the device to trigger is 20ns. Refer to the truth table 
for the appropriate input conditions. 


2. Retriggering. 


The retriggered pulse width, towr®, is the time during which 
the output is active after the device is retriggered during a 
timing cycle. It differs from the initial pulse width tow 
timing equation as follows. 


towr® = tow + tPLH 


where tp; y is the propagation delay time from the Ig or 14 
input to the output. Note that tpiW is typically 14ns and 
therefore becomes relatively unimportant as tow2 increases. 


3. Rapid retriggering. 


A minimum retriggering time does exist. That is, the device 
cannot be retriggered until a minimum recovery time has 
elapsed. The minimum retrigger time is approximately. 


tretrig MIN. =0.2 Cy 


C is in picofarads 
t is in nanoseconds 


= }-— "rw 0 


OUTPUT WITHOUT” 
RETRIGGER 
s iaaieaiaee Ieee Q 


OUTPUT WITH 
RETRIGGER 


tretrig. MIN. 
| | | | INPUT 14; Ig = HIGH 
INITIAL RETRIGGER 
TRIGGER PULSE 


PULSE 


CLEAR 


A LOW on the clear inputs terminates the timing cycle. 
A new trigger cycle cannot be initiated while the clear is 
LOW. With the clear HIGH, the device is under the com- 
mand of the |; and lo inputs. 


Am26S10 -Am26S11 


Quad Bus Transceivers 


Distinctive Characteristics ® Bus compatible with Am2905, Am2906, Am2907 

@ Input to bus is inverting on Am26S10 e@ Advanced Schottky processing 

@ Input to bus is non-inverting on Am26S11 @ PNP inputs to reduce input loading 

@ Quad high-speed open collector bus transceivers @ 100% reliability assurance testing in compliance with 


@ Driver outputs can sink 100mA at 0.8V maximum MIL-STD-883 


FUNCTIONAL DESCRIPTION LOGIC SYMBOLS 


The Am26S10 and Am26S11 are quad Bus Transceivers 
consisting of four high-speed bus drivers with open-collector 
outputs capable of sinking 100mA at 0.8 volts and four 
high-speed bus receivers. Each driver output is connected 
internally to the high-speed bus receiver in addition to being 
connected to the package pin. The receiver has a Schottky 
TTL output capable of driving ten Schottky TTL unit 
loads. 


lo ly !2 !3 


Zo 


Am26S10 24 
QUAD 5 
TRANSCEIVER 5 


Am26S11 24 
QUAD 25 
TRANSCEIVER 


An active LOW enable gate controls the four drivers so 
that outputs of different device drivers can be connected 
together for party-line operation. The enable input can 
be conveniently driven by active LOW decoders such as 
the Am25LS139. 


The bus output high-drive capability in the LOW state 
allows party-line operation with a line impedance as low 
as 1009. The line can be terminated at both ends, and still 
give considerable noise margin at the receiver. The receiver 
typical switching point is 2.0 volts. 


The Am26S10 and Am26S11 feature advanced Schottky 
processing to minimize propagation delay. The device 


Bo 8; Bg 83 Bo By 82 83 


LOGIC DIAGRAMS 


package also has two ground pins to improve ground current Am26S10 
handling and allow close decoupling between Vcc and E lo l, eS I3 
ground at the package. Both GND, and GNDo should be 
tied to the ground bus external to the device package. 
ORDERING INFORMATION 
Am26S10 Am26S11 
Package Temperature Order Order 
Type Range Number Number Bo By Bo Bg 
Molded DIP 0°C to +70°C AM26S10PC AM26S11PC 
Hermetic DIP 0°C to +70°C AM26S10DC AM26S11DC 
Dice 0°C to +70°C AM26S10XC AM26S11XC 
Hermetic DIP —55°C to +125°C AM26S10DM AM26S11DM Zy Z 25 Z5 
Hermetic Flat Pack —55°Cto+125°C AM26S10FM AM26S11FM 
Dice —55°C to +125°C AM26S10XM AM26S11XM 
Am26S11 
E 1o 4 15 I3 
CONNECTION DIAGRAMS 
Top Views 
Veo B3 23 '3 E |g 2g Bg Veo B3 Z3 13 +E Tg 22 Bo 
a a 
Bo By By Bg 
2 7 3 7 
| a | a 
GND, Bg Zo '9 14 2, By GNDg GND, Bg Zq Io 1; 2, By GND 
Note: Pin 1 is marked for orientation. Zo 24 29 23 
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Am26S10/11 
MAXIMUM RATINGS (Above which the useful life may be impaired) 


Storage Temperature —65°C to +150°C 
Temperature (Ambient) Under Bias —55°C to +125°C 
Supply Voltage to Ground Potential —0.5V to +7V 
DC Voltage Applied to Outputs for High Output State | —0.5V to +Vcc max. 
DC Input Voltage —0.5V to +5.5V 
Output Current, Into Bus 200 mA 
Output Current, Into Outputs (Except Bus) 30 mA 
DC Input Current —30mA to +5.0mA 
ELECTRICAL CHARACTERISTICS OVER OPERATING RANGE (Unless Otherwise Noted) 
Am26S10XC, Am26S11XC Ta =0°Cto+70°C Vcc = 5.0V +5% (COM’L) MIN. = 4.75V MAX. = 5.25V 
Am26S10XM, Am26S11XM Ta = —55°C to +125°C Vec = 5.0V +10% (MIL) MIN. = 4.5V MAX. = 5.5V 

— Typ. 
Parameters Description Test Conditions (Note 1) Min. (Note 2) Max. Units 


Vou Output HIGH Voltage Voc = MIN., Io = —1.0mA MIL 
(Receiver Outputs) VIN = Vit or Vin COM’L 
VoL Output LOW Voltage Vcc =MIN., lo, = 20mA 
(Receiver Outputs) VIN = Vit or Vin 
Vin Input HIGH Level Guaranteed input logical HIGH 2.0 
(Except Bus) for all inputs 
Vib Input LOW Level Guaranteed input logical LOW 
(Except Bus) for all inputs 
V Input Clamp Voltage Vcc = MIN., ly = —18mA 
(Except Bus) 
He Input LOW Current Vcc = MAX., VIN = 0.4V | Enable | 
(Except Bus) 
le Input HIGH Current Vcc = MAX., Vin = 2.7V | Enable 
(Except Bus) 


Input HIGH Current Vcc = MAX., Vin = 5.5V 
(Except Bus) 


-e MIL —20 
Isc Output Short Circuit Current Vec = MAX. (Note 3) PMIL | 
(Except Bus) COM’L 
' Power Supply Current Vcc = MAX. Am26S10 
CCL (All Bus Outputs LOW) Enable = GND Am26S11 


Bus Input/Output Characteristics 


N 
oO 
ses 
ms 


2.7 3.4 


jan) 

ol 
ii 

te) 

+ 

7 


| 
e . ee . 
N 
< < 
° fe) 
+ + 
n n 


b}6 
£18 
C 
> 


or 


rz 
C 


1 | | 
~ wl ro 
plea olo 
3 ss 
> > 


a 
> 


Typ. 
Parameters Description Test Conditions (Note 1) Min. (Note 2) Max. Units 


lot = 40mA 


MIL lot = 70mA 
lIoL = 100mA 
Output LOW Voltage Vcc = MIN. cone 


COM’'L IOL = 70mA 


1IoL = 100mA 
Vo = 0.8V 


Bus Leakage Current Vo =4.5V 


COM’'L Vo =4.5V 
Bus Leakage Current (Power Off) Vo =4.5V 


: Bus Enable = 2.4V 
Receiver Input HIGH Threshold Vcc = MAX 
Bus Enable = 2.4V 


Receiver Input LOW Threshold Voc = MIN 


Notes: 1. For conditions shown as MIN. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type. 
2. Typical limits are at Vec = 5.0V, 25°C ambient and maximum loading. 
3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 
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Am26S10/11 Am26S10/11 
Switching Characteristics (Ta = +25 C, Vcc = 5.0V) 


Parameters Description Test Conditions Min. Typ. Max. Units 


t 
ere 
tPHL 
Data Input to Bus 
PLH 
: Am26S11 
Rp = 502 


Am26S10 Cg = SOpF (Note 1) 


Am26S11 


Note 1. Includes probe and jig capacitance. 


TRUTH TABLES 
Am26S10 Am26S11 


Inputs Outputs Inputs Outputs 


H = HIGH Voltage Level 

L = LOW Voltage Level 

X = Don’t Care 

Y = Voltage Level of Bus (Assumes Control! by 
Another Bus Transceiver) 


Am26S10/Am26S11 SCHEMATIC DIAGRAM 


2kQ R, 1102 


‘ 
| 
: 3 
(6) 
| © (10) 
» (14) 
2 0 en 
(5) 
(11) 9 4 
(13) \/ 
iN 
\/ 
y Y, 
TO OTHER 
= THREE DRIVERS 
E ; 
V = Pin 16 
120 4 cc 
GND, = Pin 1 
~ GND» = Pin8 
wes = ee Connect for AmM26S10 
1,8 Remove R41, Q4, D4 for Am26S10 


Typical Bus Output Low Voltage 


Versus 


Vo_ — BUS OUTPUT VOLTAGE — VOLTS 


INPUTS 


lo '4 12 Ig 
Zo 
21 

Am26S10 
23 


1002 PARTY-LINE OPERATION. 


IBUS = oe 


0 Pe te aledislit 
—55 -35-15 5 25 45 65 85 105 125 
Ta — AMBIENT TEMPERATURE — °C 


Am26S10/11 


TYPICAL PERFORMANCE CURVES 


Ambient Temperature 


Igus=100mA [| 


V+ — RECEIVER THRESHOLD VOLTAGE — VOLTS 


TYPICAL APPLICATION 


ADDRESS 
STROBE 


INPUTS INPUTS 


lo ty I2 I3 lo 14 Ia 43 
Zo Zo 


RECEIVER 21 RECEIVER 24 
OUTPUTS Am26S10 OUTPUTS Am26S11 


23 23 


Am26S10 


Vec 
16 


DIE SIZE 0.059” X 0.075” 
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Receiver Threshold Variation 
Versus Ambient Temperature 


—55-35-15 5 25 45 65 85 105 125 


Ta — AMBIENT TEMPERATURE — °C 


INPUTS 


lo ty Ia 13 
Z0 


RECEIVER 21 RECEIVER 
OUTPUTS Am26S11 OUTPUTS 


Am26S11 


Voc 


DIE SIZE 0.059” X 0.075" 


Am26S10/11 


SWITCHING CHARACTERISTICS 


TEST CIRCUIT 


Am26S11 
ONLY 
PULSE 2802 
GENERATOR 
NO. 1 
CL 
15 pF 
(Note 1) ALL DIODES 
1N916 OR 
EQUIVALENT 


PULSE 
GENERATOR 
NO. 2 


Note 1. Includes Probe and Jig Capacitance. 


WAVEFORMS 


Am26S11 
PE INPUT 


Am26S10 
| INPUT 


3.0V 


E INPUT 


= i= tou, —e i _ psa a ae 
pal - eal = 


B TEST POINT 


Z TEST POINT 
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Am263S$12-Am26S12A 


Quad Bus Transceiver 


Distinctive Characteristics 
@ Quad high-speed bus transceivers 
@ Driver outputs can sink 100mA at 0.7V typically 


@ 100% reliability assurance testing in compliance with 
MIL-STD-883 
@ Choice of receiver hysteresis characteristics 


FUNCTIONAL DESCRIPTION 


The Am26S12 e Am26S12A are high-speed quad Bus Transceivers con- 
sisting of four high-speed bus drivers with open-collector outputs 
capable of sinking 100mA at 0.7 volts and four high-speed bus receivers. 
Each driver output is brought out and also connected internally to the 
high-speed bus receiver. The receiver has an input hysteresis charac- 
teristic and a TTL output capable of driving ten TTL Loads. 

An active LOW, two-input AND gate controls the four drivers so that 
outputs of different device drivers can be connected together for party- 
line operation. The enable inputs can be conveniently driven by active 
LOW decoders such as the Am54S/74S139. 


The high-drive capability in the LOW state allows party-line operation 
with a line impedance as low ss 1009. The line can be terminated at 
both ends, and still give considerable noise margin at the receiver. The 


hysteresis characteristic of the Am26S12 receiver is chosen so that the 
receiver output switches to a HIGH logic. level when the receiver input 
is at a HIGH logic level and moves to 1.4 volts typically, and switches 
to a LOW logic level when the receiver input is at a LOW logic level and 
moves to 2.0 volts typically. This hysteresis characteristic makes the 
receiver very insensitive to noise on the bus. 

The Am26S12A is functionally identical to the Am26S12 but has a 
different hysteresis characteristic so that the output switches with the 
input being typically at 1.2 volts or 2.25 volts. In both devices 
the threshold margin, the difference between the switching points, is 
greater than 0.4 volts. 


LOGIC DIAGRAM/SYMBOL 


ORDERING INFORMATION 


Am26S12 
Order 
Number 


AM26S12PC 

AM26S12DC 
AM26S12XC 
AM26S12DM 
AM26S12FM 
AM26S12XM 


Am26S12A 
Order 
Number 


AM26S12APC 

AM26S812ADC 
AM26S12AXC 
AM26S12ADM 
AM26S12AFM 
AM26S12AXM 


Package 
Type 


Temperature 
Range 


Molded DIP O°C to +75°C 

Hermetic DIP O°C to +75°C 

Dice O°C to +75°C 
Hermetic DIP —55°C to +125°C 
Flat Pak ~55°C to +125°C 
Dice —55°C to +125°C 
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lo ty !2 Is 
20 


Am26S12 © Am26S12A Z1 
QUAD Z 
TRANSCEIVER 2 


Vec= PIN 16 
GND = Pin 8 


CONNECTION DIAGRAM 


1 
a 


Bo 


Note: Pin 1 is marked for orientation. 


Am26S12/12A 
‘MAXIMUM RATINGS (Above which the useful life may be impaired) 


Storage Temperature | —65°C to +150°C 
Temperature (Ambient) Under Bias —55°C to +125°C 
Supply Voltage to Ground Potential (Pin 16°to Pin 8) Continuous —0.5V to +7V 
DC Voltage Applied to Outputs for High Output State —0.5V to +Vcc max. 
DC Input Voltage —0.5V to +5.5V 
Output Current, Into Outputs (BUS) 200mA 


NR SE SU Ue ree Re eRe ee SS i ee a a ee ee 
Output Current, Into Outputs (Receiver) 30mA 
DC Input Current —30mA to +5.0mA 
nee 


ELECTRICAL CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (Unless Otherwise Noted) 


Am26S12XC-Am26S12AXC Ta= O°C to+75 C Vec = 5-0V +5% (COM Range) 
Am26S12XM-Am26S12AXM  _T, = —55'C to +125°C Vec = 5-0V +10% (MIL Range) Note 1 
Parameters Description Test Conditions Min. Typ.(Note 2) Max. Units 


Power Supply Current 


Vec = MAX. or OV; 
VBus = 4.0V; Driver in OFF State 


Bus Leakage Current 


Driver Characteristics 


VOL 
(Note 1) lot = 100mA 


Unit Load 
Input HIGH Current Vcc = MAX., Vj = 2.4V 
Unit Load 


Receiver Characteristics 


Vcc = MIN., IoH = —800nA 
V 
Output HIGH Voltage VIN = Vi. (Receiver) 2.4 Volts 
Vec = MIN., lot = 20mA 
V 
Output LOW Voltage Vin = Viz (Receiver) 
ia ee ee | Am2esi2a 


E=H Volts 

VIL Input LOW Level Threshold E=H Volts 
Arn26S12A ee ee 

| los Output Short Circuit Current Vcc = MAX., Vout = 0.0V —20 


Notes: 1. For the Am26S12FM, Am26S12AFM the output current must be limited at 6(0mA or the maximum case temperature limited to 125°C for correct | 
operation. 
2. Typical limits are at Voc = 5.0V, 25°C ambient and maximum loading. 


COM'L] Io, = 100mA 


Output LOW Voltage 


Vin = VyH Or Vin IMIL 


Switching Characteristics (Ta = 25°C, Vcc = 5.0V) 
Parameters Description Conditions Min. Typ. Max. Units 


Turn Off Delay Enable to Bus Cp = 15pF, Rip = 502 


Turn On Delay Enable to Bus Cie = 15pF, Rup = 502 he ce al 
Turn Off Delay Bus to Output CL = 15pF mies 
Ls bead 


Turn On Delay Bus to Output Ci = 15pF 
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Am26S812/12A 


SWITCHING CIRCUITS AND WAVEFORMS 


Frequency 5MHz 
ty = tg = 2ns Measured Between 
1V to 2V Levels. 


Figure 1. Bus Propagation Delays 


B 


= PHL 


Figure 2. Receiver Propagation Delays 


Am26S12/12A 


TRUTH TABLE MSI INTERFACING RULES 
Am26S12/26S12A Equivalent 
Inputs Outputs Interfacing Input Unit Load 
Digital Family HIGH LOW 

Advanced Micro Devices 9300/2500 Series 
FSC Series 9300 

TI Series 54/7400 

Signetics Series 8200 

National Series DM 75/85 


H = HIGH Voltage Level DTL Series 930 
L = LOW Voltage Level 

X = Don't Care 

Y = Voltage Level of Bus 


Table | Table Il 
PERFORMANCE CURVES 


Am26S12 Typical Am26S12A Typical 
Receiver Input Characteristic Receiver Input Characteristic 


Vo — OUTPUT VOLTAGE — VOLTS 
VQ—-OUTPUT VOLTAGE-VOLTS 


0 
16 18 20 22 2. 14°16 18 20 
Vin—-INPUT VOLTAGE-—VOLTS Vin-INPUT VOLTAGE ~VOLTS 


Figure 3 Figure 4 


INPUT/OUTPUT CIRCUITRY 


O Z OUTPUT 


TO OTHER DRIVERS 


THRESHOLD 
CONTROL 


Figure 5 
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Am26S$12/12A 


Am26S12/26S12A APPLICATION 


ADDRESS 
STROBE 


Ao Aj 


1/2 Ara54S/748139 


GND 


INPUTS INPUTS O INPUTS O © INPUTS 


Ig Iq la Ig 


lo 14 Ia Ig 
Zo Zo 
21 RECEIVER RECEIVER RECEIVER 24 RECEIVER 


Am26S12/26S12A 29 OUTPUTS Am26S12/26S12A 29 OUTPUTS Am26S812/26S12A 25 OUTPUTS Am26S12/26S12A OUTPUTS 


23 


23 


+5V 


1002 PARTY-LINE OPERATION. 


Figure 6 


Metallization and Pad Layout 


DIE SIZE: 0.071" x 0.072” 
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Am54S/74S138 


3-Line to 8-Line Decoder/Demultiplexer 


Distinctive Characteristics @ Useful in memory decoders and high-speed data trans- 
mission 

© Advanced Schottky technology @ 100% reliability assurance testing in compliance with 

@ inverting and non-inverting enable inputs MIL-STD-883 


FUNCTIONAL DESCRIPTION LOGIC DIAGRAM 


The Am54S/74S138 is a 3-line to 8-line decoder/demulti- 
plexer fabricated using advanced Schottky technology. The 
decoder has three buffered select inputs A, B and C that 
are decoded to one of eight Y outputs. 


One active-HIGH and two active-LOW enables can be used 
for gating the decoder or can be used with incoming data 
for demultiplexing applications. When the enable input 
function is in the disable state, all eight Y outputs are HIGH 
regardless of the A, B and C select inputs. 


ORDERING INFORMATION 


Package Temperature Order 
Type Range Number 


Molded DIP 0°C to +70°C SN74S138N 
Hermetic DIP 0°C to +70°C SN74S138J 
Dice 0°C to +70°C SN74S138X 
Hermetic DIP —55°C to +125°C SN54S138J 
Hermetic Flat Pak §—55°C to +125°C SN54S138W 
Dice —55°C to +125°C SN54S138X 


CONNECTION DIAGRAM LOGIC SYMBOL 
Top View 


Voc = Pin 16 
GND = Pins 


Note: Pin 1 is marked for orientation. 
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Am54S/74S 138 
MAXIMUM RATINGS (Above which the useful life may be impaired) 


Storage Temperature —65°C to +150°C 
Temperature (Ambient) Under Bias —55°C to +125°C 
Supply Voltage to Ground Potential (Pin 16 to Pin 8) Continuous —0.5V to +7V 
DC Voltage Applied to Outputs for HIGH Output State —0.5V to +VCC max. 
DC Input Voltage —0.5V to +5.5V 
DC Output Current, Into Outputs 30mMA 
DC Input Current —30mA to +5.0mA 


ELECTRICAL CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (Unless Otherwise Noted) 


Am74S8138 Ta =O Cto +70°C Vcc = 5.0V +5% (COM’L) MIN. = 4.75V MAX. = 5.25V 
Am54S138 Ta = —55°C to +125°C Voc = 5.0V +10% (MIL) MIN, = 4.5V MAX. = 5.5V 
Typ. 
Parameters Description Test Conditions (Note 1) Min. (Note 2) Max. Units 


Voc = MIN., IoH = —1mA 


s eat! 
VOH Output HIGH Voltage oa 
pb cot | 27 | 34 | | 
Vcc = MIN., lo_ = 20mA 
VoL Output LOW Voltage CC OL 
VIN = ViH Or VIL 
Input HIGH Level Guaranteed input logical HIGH 
Guaranteed input logical LOW 
ViL 


voltage for all inputs 
Input LOW Level : 

voltage for all inputs 
Input Clamp Voltage Vcc = MIN., ty =—18MA po 


ee 3) Input LOW Current Vcc = MAX., Vin = 0.5V 
NH 

V = x. =2.7V 
(Note 3) Input HIGH Current CC = MAX., Vin = 2.7 


Input HIGH Current Vcc = MAX., Vin = 5.5V 


Output Short Circuit Current 
= MAX. = 0. A 


. For conditions shown as MIN. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type. 
. Typical limits are at Vcc = 5.0 V, 25°C ambient and maximum loading. 

. Actual input currents = Unit Load Current x Input Load Factor (See Loading Rules). 

. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 

. Outputs enabled and open. 


Notes: 


ob WN = 


Switching Characteristics (Ta = +25°C) 


Parameters Description Test Conditions Min. Typ. Max. Units 


Select to Output 

Three Level Delay 
Select to Output 
G2A or G2B 


| tPLH | 
G1 to Output 
tPHL 


Vcc = 5V, CL = 15pF, Ry = 2802 
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Am54S/74S 138 


FUNCTION TABLE LOADING RULES (In Unit Loads) 


Fan-out 


Output Output 
| Enable | Select | Input/Output Pin No.’s Unit Load HIGH LOW 


1 = 
1. = 
1 


ZrrtrtrTaorTaiiTrTéiicrx xr 
rs ER Re eo oe or 
oe eae) a es re (a eee > <a. 
rs Ca Ce SA ON oa pa won SED <a> < 
oC OE oe: a CC CO aoe a <a RE 
Te” SS SR Se ee RO 
a a es CR ee i Ss Oo OR a 
Cae es Ce Cae Os Se eee CA es ea 
2 Ca! CE es als oes es Coe CS Con 
5 2 SIs Ss Cs A ee SS Ss a co 
Re Oa A ae ARs oR oe ARE ao a 
pS Cs pecs RR i is Oe Ps es ES 
a OE oe SE Cea Es as COs Sao CE a 
aE. 2c? cb? oo Es SE EE 

O}1OlMmI|NIO|!] a] Aa] wir 


H = HIGH 

L= LOW 

X = Don't care 
15 _ 
16 — 


A Schottky TTL Unit Load is defined as 50uA measured at 2.7V HIGH 
and —2.0mA measured at 0.5V LOW. 


DEFINITION OF FUNCTIONAL TERMS: SCHOTTKY INPUT/OUTPUT 
CURRENT INTERFACE CONDITIONS 


A, B, C Select. The three select inputs to the decoder. 

G1 The active-HIGH enable input. A LOW on the G11 in- 
put forces all Y outputs HIGH regardless of any other 
inputs. 

G2A,G2B_ The active-LOW enable input. A HIGH on UNI TOAD 
either the G2A or G2B input forces all Y outputs HIGH 2.8k82 NOM 
regardless of any other inputs. 

Yo, Y1, Y2, ¥3, Ya, Ys, Yg, Y7_ The eight decoder outputs. 


DRIVING OUTPUT DRIVEN INPUT 


Note: Actual current flow direction shown. 
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Am54S/74S138 


APPLICATION 


So 
14 
$4 13 
Cc 
o 
S92 2 12 
SELECT S 
< 11 
E 
a ¢ 
10 
9 
$3 
8 
DECODE 
DATA OUTPUT 
7 
6 
5 
(ee) 
o 
D 4 
ad 
yn 
iB 3 
E 
< 
2 
DATA 
1 
re) 
H = HIGH 


ONE-OF-SIXTEEN DEMULTIPLEXER 


Metallization and Pad Layout 


DIE SIZE 0.065” X 0.070" 
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Am54S/74S139 -Am93S21 


Dual 2-Line to 4-Line Decoder/Demultiplexer 


Distinctive Characteristics ® Two independent decoders/demultiplexers 


@ Advanced Schottky technology 
@ 7.5ns typical propagation delay 


@ 100% reliability assurance testing in compliance with 
MIL-STD-883. 


FUNCTIONAL DESCRIPTION LOGIC SYMBOL 


The Am54S/74S139 and Am93S21 are dual 2-line to 4-line 
decoder/demultiplexer units fabricated using advanced 
Schottky technology. Each decoder has two _ buffered 
select inputs A and B which are decoded to one of four 


Y outputs. 


An active LOW enable can be used for gating or can be used 
as a data input for demultiplexing applications. When the 
enable is HIGH, all four Y outputs are HIGH, regardless 
of the A and B inputs. 


Package 
Type 
Molded DIP 
Hermetic DIP 
Dice 
Hermetic DIP 
Hermetic Flat Pak 
Dice 


Temperature 
Range 


0°C to +70°C 

0°C to +70°C 

0°C to +70°C 
—55°C to +125°C 
—55°C to +125°C 
—55°C to +125°C 


ORDERING INFORMATION 


Am54S/ 
74S139 
Order 
Number 


SN74S139N 
SN74S139J 
SN74S139X 
SN54S139J 
SN54S139W 
SN54S139X 


LOGIC DIAGRAM 
(One Decoder Shown) 


Am93S21 
Order 
Number 


93S21PC 

93S21DC 
93S$21XC 
93S$21DM 
93S21FM 
93S21XM 
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CONNECTION DIAGRAM 
Top View 


2A 2B 2Y0 2Y1 2Y2 2Y3 


Am54S/74S 139 
Am93S21 


1B 1Y0 1Y¥1 1Y2 1Y¥3 GND 


Note: Pin 1 is marked for orientation. 


Am54S/74S139 
MAXIMUM RATINGS (Above which the useful life may be impaired) 


Storage Temperature —65°C to +150°C 
Temperature (Ambient) Under Bias —55°C to +125°C 
Supply Voltage to Ground Potential (Pin 16 to Pin 8) Continuous —0.5Vtot+/V 
DC Voltage Applied to Outputs for HIGH Output State —5.0V to +Vcec max. 
DC Input Voltage —0.5 V to +5.5 V 
DC Output Current, Into Outputs 30 mA 
DC Input Current —30 mA to +5.0 mA 


ELECTRICAL CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (Unless Otherwise Noted) 


Am74S 139, Am93S21XC Ta =0°C to +70°C Vcc = 5.0V +5% (COM’L) MIN. = 4.75V MAX. = 5.25V 
Am54S 139, Am93S21XM Ta = —55°C to +125°C Vcc = 5.0V +10% (MIL) MIN. = 4.5V MAX. = 5.5V 
Typ. 
Parameters Description Test Conditions (Note 1) (Note 2) Max. Units 


Vcc = MIN., loy =—1mA 


Vec=MIN., lop = 20mMA 
VIN = ViH or Vib 
Guaranteed input logical HIGH 
voltage for all inputs 
Guaranteed input logical LOW 
Input LOW Level voltage for all inputs 


Unit Load 
Input LOW Current 


Unit Load Ei 
Input HIGH Current Vcc = MAX., VIN = 2.7 V 


T Input HIGH Current Vcc = MAX., Vin = 5.5 V P| 
: Output Short Circuit Current 

Isc (Note 4) Vcc = MAX., Vout = 0.0 V p40 

Icc Power Supply Current Vcc = MAX. (Note 5) he, nt. 


For conditions shown as MIN. or MAX., use the appropriate vaifue specified under Electrical Characteristics for the applicable device type. 
Typical limits are at Vcc = 5.0V, 25°C ambient and maximum loading. 

Actual input currents = Unit Load Current X Input Load Factor (See Loading Rules). 

Not more than one output should be shorted at atime. Duration of the short circuit test should not exceed one second. 

cc is measured with all outputs enabled and open. 


Vcc = MAX., Vin = 0.5 V 


Min 
2.5 
27 
2 
Input Clamp Voltage Vcc = MIN., liq = — 18MA P| 


Notes: 


AS OP > 


Switching Characteristics (T , = +25°C) 


Parameters Description Test Conditions Min. Typ. Max. Units 


Select to Output, 2 Levels of Delay 


Select to Output, 3 Levels of Delay Vec = 5.0V, Ry = 2802, CL = 15pF 


Enable to Output, 2 Levels of Delay 
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Am54S/74S139 


FUNCTION TABLE LOADING RULES (In Unit Loads) 


INPUTS OUTPUTS Fan-out 
Output Output 


ENABLE SELECT Input/Output Pin No.’s UnitLoad HIGH LOW 
G Yo Y4 Yo Y3 1G 1 1 = 2 


1A 1 

1B 1 

1Y0 

1Y1 

1Y2 

H = HIGH Ns 


L= LOW GND 
X = Don’t Care 


2Y3 
2Y2 


DEFINITION OF FUNCTIONAL TERMS 2Y1 


O;},o; mj nl on); o}] Ri wisn 


A,B Select. The two select inputs to the decoder. 2Y0 
G Enable. The enable input to the decoder. A HIGH input 2B 
forces all four Y outputs HIGH regardless of the A and oA 
B inputs. 

Yo, Yi, Y2, Y3_ The four decoder outputs. 


2G 15 


Vcc 16 


A Schottky TTL Unit Load is defined as 50uA measured at 2.7V 
HIGH and —2.0mA measured at 0.5V LOW. 


SCHOTTKY INPUT/OUTPUT 
CURRENT INTERFACE CONDITIONS 


DRIVING OUTPUT DRIVEN INPUT 


UNIT LOAD 
2.8k2 NOM 


Note: Actual current flow direction shown. 
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Am54S/74S 139 


APPLICATIONS 


32-Input Multiplexer 


INPUTS 


ENABLE 


[UL 


() 
Dy Ds Dg D7 S$ Dg Dy Dy D3 Dy Ds Dg Dy 
A 


a 
° 
N 
Q 
= 


Am54S/74S 139 


Dg 0; D2 D3 


Dg Dy D2 03 


Dg Dg Dg Dy Do Dy Dy Dy Dg Dg Dg Dy 


Am54S/748251 
8-INPUT MULTIPLEXER 


Am$4S/74S251 
8:INPUT MULTIPLEXER 


Am54S/74S251 
8-INPUT MULTIPLEXER 


Am54S/74S251 
8-INPUT MULTIPLEXER 


MULTIPLEXER OUTPUT 


DATA INPUT 


1¥0 1Y1 


A 
ons ane ie 2 


B 


1¥2 1¥3 


Data routing using one Am54S/74S139 as a demultiplexer for two bits. 


Metallization and Pad Layout 


ae 
Be en Re ei 
ZW Vag 


DIE SIZE 0.073" X 0.060" 


4-72 


Am54S/74S151-Am54S/74S251 


Eight-input Multiplexers 


Distinctive Characteristics @ Three-state output on Am54S/74S8251 for bus organ- 

@ Advanced Schottky technology ized systems : 

@ Switches one of eight inputs to two complementary @ 100% reliability assurance testing in compliance with 
outputs MIL-STD-883 


LOGIC DIAGRAM 


FUNCTIONAL DESCRIPTION 


The Am54S/74S151 and the Am54S/74S251 are eight- 
input multiplexers that switch one of eight inputs onto the 
inverting and non-inverting outputs under the control of a 
three-bit select code. The inverting output is one gate delay 
faster than the non-inverting output. 


The Am54S/74S151 provides an active-LOW strobe. When 
the strobe is HIGH, the inverting output (W) is HIGH and 
the non-inverting output (Y) is LOW. 


The Am54S/74S251 features a three-state output for data 
bus organization. The active-LOW strobe, or “‘output con- 
trol” applies to both the inverting and non-inverting output. 
When the output control is HIGH, the outputs are in the 
high-impedance state. When the output control is LOW, 
the active pull-up output is enabled. 


Am54S/74S251 ONLY 


= ——- 


ORDERING INFORMATION 


Am54S/ Am54S/ 
74S151 748251 
Package Temperature Order Order 
Type Range Number Number 
Molded DIP 0°C to +70°C SN74S151N SN74S251N 
Hermetic DIP 0°C to +70°C SN74S151J SN74S251J 
Dice 0°C to +70°C SN74S151X SN74S251X 
Hermetic DIP -55°C to +125°C SN54S151J SN54S251J 
Hermetic Flat Pak —-55°C to+125°C SN54S151W SN54S251W 
Dice -55°C to +125°C SN54S151X SN54S251X 


LOGIC SYMBOL 


CONNECTION DIAGRAM 
Top View 


Do Dy Dg Dg Dg Dg Dg 07 
c 


Am54S/74S151 
Am548/748251 


Am54S/74S 151 
Am54S/74S251 


Vec = Pin 16 
GND = Pin8 


Note: Pin 1 is marked for orientation. 
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Am54S/74S151/251 
MAXIMUM RATINGS (Above which the useful life may be impaired). 


Storage Temperature 7 —65°C to +150°C 
Temperature (Ambient) Under Bias —55°C to +125°C 
Supply Voltage to Ground Potential (Pin 16 to Pin 8) Continuous —0.5V to +7V 
DC Voltage Applied to Outputs for HIGH Output State —0.5V to + Voc max. 
DC Input Voltage —0.5V to +5.5V 
DC Output Current, Into Output 30mA 
DC Input Current —30mA to +5.0mMA 
ELECTRICAL CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless Otherwise Noted) 
Am74S8151, Am74S251 Ta = 0°C to +70°C Vcc = 5.0V +5% (COM’L) MIN. = 4.75V MAX. = 5.25V 

Am54S151, Am54S251 Ta = —55°C to +125°C Vec = 5.0V +10% (MIL) MIN.=4.5V Typ, MAX. = 5.5V 

Parameters Description Test Conditions (Note 1) Min. (Note 2) Max. Units 


Vec=MiIN., | = 20mA 
VOL Output LOW Voltage CC OL 
VIN = Vin or Vie 
Vin Input HIGH Level Guaranteed input logical HIGH 5 
voltage for all inputs 
ViL Input LOW Level Guaranteed input logical LOW 
voltage for all inputs 
Input Clamp Voltage Vcc = MIN., linxg = —18MA 
Ne Unit Load iF ; : 
MH Unit Load 
=MAX., Vin =2.7V 
(Note 3) | Input HIGH Current Vec= MAX., VIN=2.7V Pkt 


Input HIGH Current 


lolott) | Off-State (High-Impedance) Vcc = MAX. Vo = 2.4V aa 
Output Current (S251 only) VIN = Vin or Vit Vo = 0.5V P| 
Output Short Circuit Current 7 _ 
Icc Power Supply Current 
(Note 5) S251 en te 


1. For conditions shown as MIN: or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type. 
2. Typical limits are at Vcc = 5.0V, 25°C ambient and maximum loading. 

3. Actual input currents = Unit Load Current x !nput Load Factor (See Loading Rules). 

4. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 

5. Ilcec is measured with all outputs open and all inputs at 4.5V. 


Switching Characteristics (Ta = +25°C) 


Output HIGH Voltage 


Vcc = MIN., 
Vin = Vin or Vig 


oO 
i) 


: = 
> 


~ 
oO 


> 


=} 
> 


oe 
ol 


Parameters Description Test Conditions Min. Typ. Max. Units 
A, B, or C to Y; 4 Levels 

of Delay (S151 only) 

A, B, or C to Y; 4 Levels 


of Delay (S251 only) 
A, B, or C to W; 3 Levels 


of Delay Vcc = 5.0V, Ri = 2802, Cy = 15 pF 
t 
ave tae 
t 
feel raaa 
t 
Strobe to Y (S151 only) 
t 
Strobe to W (S151 only) 
Output Enable to Y 
(S251 only) 
Vcc = 5.0V, Ry = 2802, Cy = 15pF 
Output Enable to W 
t7L (S251 only) 
| tHz Output Enable to Y 
(S251 only) 
Vcc = 5.0V, Ru = 2802, Cy = 5 pF 
Output Enable to W 
(S251 only) 
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Am54S/74S 151/251 


FUNCTION TABLE LOADING RULES (In Unit Loads) 


INPUTS OUTPUTS 


Fan-out 
Input Output Output 
Input/Output Pin No.’s Unit Load HIGH LOW 


SELECT arab $251 Output D3 ; ; 5 7 
Cc BA S Y W 5 
xX xX xX H H L H 
E WS. J E L Do Do ; 
L bL oH L L D, Dy 
L eH oL L L 5 
L oH H L L 6 
H LoL L E 5 
H L H L ib : 
H HL L L 5 
H H H L L 
10 


H = HIGH X = Don't Care 
L =LOW Z = High Impedance 


—_ 
—_ 


= 
NO 


Do-D7 =The output will follow the HIGH-level or LOW-level of 
the selected input. 


= 
io) 


a" 
bt 


Do-D7 = The output will follow the complement of the HIGH- 
level or LOW-level of the selected input. 


O 
BAS 

_ 

oO 


16 


A Schottky TTL Unit Load is defined as 50uA measured at 
2.7V HIGH and —2.0mA measured at 0.5V LOW. 


DEFINITION OF FUNCTIONAL TERMS 


A,B,C The three select inputs of the multiplexer. 
Do, D1, D2, D3, 

D4,Ds5,Dg,D7 The eight data inputs of the multiplexer. 

Y The true multiplexer output. 

W The complement multiplexer output. 

S Strobe. On the Am54S/74S151, a HIGH on the strobe 
forces the Y output LOW and the W output HIGH. 

§ Output Control. On the Am54S/74S251, a HIGH on the 
output control (or strobe) forces both the W and Y outputs to 
the high-impedance (off) state. 


SCHOTTKY INPUT/OUTPUT 
CURRENT INTERFACE CONDITIONS 


DRIVING OUTPUT 


DRIVEN INPUT 


UNIT LOAD 
2.8kQ2 NOM 


Note: Actual current flow direction shown. 
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Am54S/74S8151/251 


APPLICATIONS 


LOGIC FUNCTION GENERATION 


Am54S/74S8151 
Am94S/748251 


Z = ABCD + ABCD + ACD + AB + ACD + BCD 


32-INPUT MULTIPLEXER 


INPUTS 


ENABLE "? REY. S a oe See 
é ELE e eee ER 
381210 
TM 
Domse) 
ED 
zg E1yifO 
u< 
io) 
ou 
S Dg Dy Do D3 Da Ds Dg Dz Ss Dg Dy D2 D3 D4 Ds 06 07 
Ao A A 
A ae ez B Am54S/74S251 Am54S 748251 3 Am54S/74S251 Am54S/748251 
1 Ce ae a BANPUT MULTIPLEXER 8 INPUT MULTIPLEXER 8-INPUT MULTIPLEXER 8-INPUT MULTIPLEXER 
A2 Cc Cc 
A3 Ww Y 
Ag ° 


MULTIPLEXER OUTPUT MULTIPLEXER OUTPUT 


Metallization and Pad Layout 


Am54S/74S151 Am54S/74S251 
VCC 
Da D3. «1 1p 15 Dg 
Ds D2 2 14 Ds 
DE D; 3 13 DE 
D7 Do 4 12 D7 
A Y b= 11 A 
B is 2 10 B 
C 9 
GND 8 


DIE SIZE: 0.064’ X 0.067” 
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Am54S/74S153 -Am54S/74S253 


Dual 4-Line To 1-Line Data Selectors /Multiplexers 


@ Am54S/74S253 provides three-state outputs for data 
bus organization. 


@ 100% reliability assurance testing in compliance with 
MIL-STD-883. 


Distinctive Characteristics 
@® Permits multiplexing from N lines to 1 line. 


@ Performs parallel-to-serial conversion. 


FUNCTIONAL DESCRIPTION LOGIC SYMBOL 


These dual four-input multiplexers provide the digital equiv- 
alent of a two-pole, four position switch with the position 6 5 4. 3 10 11 
of both switches set by the logic levels supplied to the 

select inputs A and B. Each section of the Am54S/74S153 

has a separate active-LOW enable (strobe) input that forces 1 
the output of that section LOW when a HIGH level is ap- . 
plied regardless of the other inputs. 

The Am54S/74S253 features a three-state output to inter- 
face with bus-organized systems. Each section of the 
Am54S/74S253 has a separate active-LOW output control 


1cO 1C1 1C2 1C3 2CO 2C1i 2C2 2C3 


OV1G DATA 1 
A SELECT 


DATA 2 


Am54S/74S153 
Am54S/74S8253 


B SELECT 
2G 


OUTPUT 
1v 


OUTPUT 
2Y 


that disables the output driver (high-impedance state) of ; ° 
that section when a HIGH logic level is applied regardless Sas 

: Vcc = Pin 16 
of the other inputs. GND = Pin8 


LOGIC DIAGRAM 


2G 2C3 2C2 2C1 2C0 A B 103 1C2 1C1 1C0 1G 
¥, 7 7 v7 
C) C) 
O) C) 
v, 7 
PH tt 
eae Cana Ue, Seen, (PE 
CEO (il (en ieee | (tI 
—h it 


| $253 ONLY 


G = Strobe on Am54S/74S153 


Ou G = Output Enable on Am54S/74S8253 QUsPuT. 


ORDERING INFORMATION CONNECTION DIAGRAM 


Top View 


Am54S/ 
748253 
Order 
Number 


Am54S/ 
748153 
Order 
Number 


2C3_ 2C2 2C1 2C0 2Y 


Temperature 
Range 


Package 
Type 


Molded DIP 
Hermetic DIP 
Dice 
Hermetic DIP 


Hermetic Flat Pak 


Dice 


0°C to +70°C 

0°C to +70°C 

0°C to +70°C 
-55°C to +125°C 
~55°C to +125°C 
-55°C to +125°C 


SN74S153N 
SN74S153J 
SN74S153X 
SN54S153J 
SN54S153W 
SN54S153X 


Am54S/74S 153 


SN74S253N 
Am54S/74S253 


SN748253J 
SN74S253X 
SN54S253J 
SN54S253W 
SN54S253X 


Note: Pin 1 is marked for orientation. 
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Am54S/74S153/S253 
MAXIMUM RATINGS (Above which the useful life may be impaired) 


Storage Temperature —65°C to +150°C 
Temperature (Ambient) Under Bias —55°C to +125°C 
Supply Voltage to Ground Potential (Pin 16 to Pin 8) Continuous —0.5V to+7V 
DC Voltage Applied to Outputs for HIGH Output State —0.5 V to +Vec max. 
DC Input Voltage —0.5V to t+5.5V 
DC Output Current, Into Outputs 30mA 
DC Input Current —30mA to +5.0mA 


ELECTRICAL CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (Unless Otherwise Noted) 


Am74S 153, Am74S253 Ta =0°C to+70°C Vec = 5.0V £5% (COM’L) MIN. = 4.75V MAX. = 5.25V 
Am54S 153, Am54S253 Ta = —55°C to +125°C Vcc = 5.0V + 10% (MIL) MIN. = 4.5V MAX. = 5.5V 
Parameters Description Test Conditions (Note 1) Min. Typ.(Note 2) Max. Units 


Vec = MIN., 
VIN = Vin oF VIL 
lon = —6.5mA 


Vv Output LOW Voit Vcc =MIN., lo_ = 20mA 
utpu oltage 
sa Vin = Vin or Vib 


Guaranteed input logical HIGH 
voltage for all inputs 


lon =—1mA 


Output HIGH Voltage Volts 


loH = -—2mA 


Volts 


Volts 


NO 
L 
NO, PL RL A 


Guaranteed input logical LOW 
voltage for all inputs 


Input Clamp Voltage Vcc =MIN., tin = —-18MA 
Me Unit Load ~ 
Vcc = MAX., Vin = 0. 
Input LOW Current CC VIN =0.5V 
NH Unit Load - 
Input HIGH Current Vcc = MAX., Vin = 2.7V 


| 4 | Input HIGH Current Vcc = MAX., Vin =5.5V 


Off-State (HIGH Impedance) Vo=2.4V 
lo Output Current Vcc = MAX. 
Am54S/74S253 Only 


Output Short Circuit Current 
Isc NGe re Vcc = MAX., Vout = 9.0V 


' 6 g ale Vcc = MAX. $153 
cc ower Supply Current (Note 5) $963 


For conditions shown as MIN. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type. 
. Typical limits are at Vcc = 5.0V, 25°C ambient and maximum loading. 

Actual input currents = Unit Load Current x Input Load Factor (See Loading Rules). 

Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 

{oc is measured with all outputs open and all! inputs grounded. 


Volts 


NO} MTN 


—1.2 Volts 


a 
N 
LS 3 

> 


4 


ol —_— 
r 
> 


V9 =0.5V 


: 

i) 

a 
> 


oP a 


Switching Characteristics (Tq = +25 C) 
Parameters Description Test Conditions Min. Typ. Max. Units 


tPLH 
tPHL 
tPLH 
tPHL 


Data to Output 


Select to Output 


t $153 
PLH Strobe to Output 
tPHL $153 


t $253 

on Output Control to Output mee Vcc = 5.0V, Ry = 2802, Cy = 15pF | 
ZL 5265 

tHZ $253 

ae Output Control to Output $553 Vcc = 5.0V, RL = 2802, CL = 5pF haan 


Am54S/74S153/S253 


FUNCTION TABLE LOADING RULES (In Unit Loads) 


Fan-out 
INPUTS OUTPUTS Input Output Output 


$253 Input/Output PinNo.’s UnitLoad HIGH LOW 
Output Se rei irene ii i ce et 
Control 1 


Select 


eA [eo 61 ee es 


xX xX 


Strobe 


” 
peerereralol FE 
Ww 


Herre ennai 


peersceeele| EE 


a ce cin A oa oe oe can < 
2 ee A na ees es OM me ea 
xx <x xXx xX xX IT EX 
xx x xX TOK xX 
xx xmorexXxxx x 
xrexKMxXxxKx x KX 


cearcnenl 
—_ 
CO O| MD nN A) a!)/ a) Wir 


= | mek 
NJ | 


H = HIGH X = Don’t Care 
L=LOW Z = High Impedance 
Note: A & B are common to both 4 input multiplexers. 


mt tk | et | et 
Oj}o) &] w& 


A Schottky TTL Unit Load is defined at SONA measured at 2.7V 
HIGH and -2.0 mA measured at 0.5V LOW. 


* 20 for the Am54S/74S153 
40 for the Am54S253 
130 for the Am74S253 


DEFINITION OF FUNCTIONAL TERMS: SCHOTTKY INPUT/OUTPUT 
CURRENT INTERFACE CONDITIONS 


1Cj, 2C; Data Inputs. The four data inputs to each multi- 
plexer; i=0, 1, 2, and 3. 

1¥,2Y Multiplexer Outputs. The output of each four-input 
multiplexer. 


DRIVING OUTPUT ORIVEN INPUT 


UNIT LOAD 
A,B Select Inputs. The inputs used to determine which of mi i 


the four data inputs are selected for the output. 

G (Am54S/74S153) Strobe. An active-LOW strobe used to 
enable the output. A HIGH level input forces the output LOW 
regardless of the other inputs. 

G (Am54S/74S253) Output Control. An active-LOW three- 
state control used to enable the output. A HIGH level input 
forces the output to the high-impedance (off) state. 


Note: Actual current flow direction shown 
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Am54S/74S153/S253 


APPLICATIONS 
WORD A WORD B WORD C WORD D WORDE 
e— =—eee eee -7—-erereeeeeess -e—_e—_oeOoOoOoroer— ion, 


Ig laty to ly la Ig 


Am25S 10 
FOUR-BIT SHIFTER 


Am54S/74S253 


Am54S/74S253 Dual 4-Input Multiplexer in a Bus-Organized System 


Metallization and Pad Layout 
Am54S/74S8153 Am54S/74S253 


DIE SIZE: 0.059’ X 0.062” DIE SIZE: 0.059" X 0.062’ 
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Am54S/74S157 -Am54S/74S158 > Am93S22 


Quadruple 2-Line To 1-Line Data Selectors/ Multiplexers 


Distinctive Characteristics 


@ Schottky clamp provides improved A-C performance. @ Inverting or non-inverting data output configurations. 
@ Selects four of eight data inputs with single select @ 100% reliability assurance testing in compliance with 
line and over-riding strobe. MIL-STD-883 


FUNCTIONAL DESCRIPTION LOGIC SYMBOLS 


These data selectors/multiplexers are used to select a 4-bit 
word from one of two sources. The four outputs at the 
Am54S/74S157 e Am93S22 present true data with respect 
to the input data. The four outputs of the Am54S/74S158 
present inverted data with respect to the inputs and also 
minimize propagation delay. A common active-HIGH strobe 
(active-LOW enable) is provided on all devices. 


11 10 14 13 11 10 14 13 


6 


1A 1B 2A 2B 3A 3B 4A 4B 
s 


1A 1B 2A 2B 3A 3B 4A 4B 


Am54S/74S8157 
Am93S22 


Am54S/74S8158 


A single select line, S, is used to select one of the two 
multiplexer input words. When the select is LOW, the A 
input word is present at the output. When the select is 
HIGH, the B input word is present at the output. 


Vcc = Pin 16 Vec= Pin 16 
GND = Pin 8 GND = Pin 8 


LOGIC DIAGRAMS 
Am54S/74S157 e Am93S22 Am54S/74S 158 


1v O 1V¥ 
2) pe ip 2) =< 
ve Ea oe a 
(7) 5 (2) 
a T= dD f = aD 
FL PL 


(11) (11) 
3A 3A 
aa SP ox ae Gp 
D (9) 5 = 9) sy 
3p (10 a (10) 
ox ip oo 
aa 4) 


om ae _ 
12 
rh ee 0 
oz 


(15) 

STROBE G ° 
2 

SELECT S dpe a 


CONNECTIONS DIAGRAMS 
Top Views 


4A (14) 


4B (13) 


strose G 12 
C) 


eal 
a) ee; 
SELECTS >o-—O 


ORDERING INFORMATION 


Part Package Temperature Order 
Number Type Range Number 
Molded DIP O°C to +70°C SN74S157N 
Hermetic DIP 0°C to +70°C SN74S157J 
Am54S/ Dice 0°C to +70°C SN74S157X 
74S157 Hermetic DIP —55°C to +125°C SN54S157J 
Hermetic Flat Pak —55°C to+125°C SN54S157W 
Dice —55°C to +125°C  SN54S157X 
Motded DIP 0°C to +70°C SN74S158N 
Hermetic DIP 0°C to +70°C SN74S158J 
Am54S/ Dice 0°C to +70°C “*SN74S158X 
74S158 Hermetic DIP —55°C to +125°C SN54S158J 
Hermetic Flat Pak —55°C to +125°C SN54S158W 
Dice —55°C to +125°C SN54S158X 
Moided DIP O°C to +70°C 93S22PC 
Hermetic DIP 0°C to +70°C 93S22DC 
Dice 0°C to +70°C 93S22XC 
pmgss22 Hermetic DIP —55°C to +125°C 93S22DM 


Hermetic Flat Pak —55°Cto+125°C 93S22FM 
Dice —55°C to +125°C 93S22XM 


Note: Pin 1 is marked for orientation. 
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Am54S/74S 157/158 
MAXIMUM RATINGS (Above which the useful life may be impaired) 


Storage Temperature —65°C to +150°C 
Temperature (Ambient) Under Bias —55°C to +125°C 
Supply Voltage to Ground Potential (Pin 16 to Pin 8) Continuous —0.5V to+7V 
DC Voltage Applied to Outputs for HIGH Output State —0.5V to +Vcec max. 
DC Input Voltage —0.5V to +5.5V 
DC Output Current, Into Outputs 30 mA 
DC Input Current —30mA to +5.0mA. 


ELECTRICAL CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (Unless Otherwise Noted) 


Am74S 157, Am74S158, Am93S22XC Ta = 0°C to +70°C Vcc = 5.0V +5% (COM’L) MIN. = 4.75V MAX. = 5.25V 
Am54S 157, Am54S158, Am93S22XM Ta = —55°C to +125°C Vec = 5.0V +10% (MIL) MIN. = 4.5V MAX. =5.5V 
Parameters Description Test Conditions (Note 1) Typ.(Note 2) Max. Units 


Vcc = MIN., low =—1mMA 


Min 
Twi [as | o ] 
2 


Vin = Ving or Vie 
Vcc =MIN., lot = 20mA 
VIN = Vin or Vat 


Output HIGH Voltage 


Output LOW Voltage 


Guaranteed input logical HIGH 


Input HIGH Level : 
voltage for all inputs 


Guaranteed input logical LOW 
voltage for all inputs 


ViL 
Vv; Input Clamp Voltage Vcc = MIN., lypyy = —18MA 
He SorG Rea 
Vcc = MAX., Vin = 0.5V 
sidberiia Site S ak 


NH SorG | 100 | 
V = MAX., Ving = 2.7 
(Note 3) Input HIGH Current AorB CC Xx IN V 


| ot) | input HIGH Current Voc = MAX., Viq = 5.5V 
i Output Short Circuit Current 
SC (Note 4) 


Input LOW Level 


Vcc = MAX., Vout = 0.0V 


Vcc = MAX. 
(Note 5) 


Power Supply Current 


. For conditions shown as MIN. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type. 
. Typical limits are at Vcc = 5.0V, 25 C ambient and maximum loading. 

Actual input currents = Unit Load Current x Input Load Factor (See Loading Rules). 

Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 

loc is measured with all outputs open and 4.5V applied to all inputs. 


Notes: 


ARWN= 


Switching Characteristics (Ta = +25°C) 
Parameters Description Test Conditions Min. Typ. Max. Units 


tPLH Data to Output 


Voc =5.0V, Cy = 15pF, Ry = 2802 
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Am54S/74S 157/158 


FUNCTION = ene LOADING RULES (In Unit Loads) 


INPUTS | OUTPUTS | Fan-out 
ie es Data | D $157 ie Input Output Output 
A Y Input/Output Pin No.’s Unit Load HIGH LOW 


1 2 ee = 
1 pam = 


1 a = 


Xx L 
L L 
H H 
Xx L 
x H 


H = HIGH 
L =LOW 
X = Don't Care 


N 
8.) 
O/O/WMIN/HM{[aA!|al win 
—_ 
| 
| 


Ww 
180) 


—_ 
—_ 


A Schottky TTL Unit Load is defined as 504A measured at 
2.7V HIGH and —2.0mA measured at 0.5V LOW. 


DEFINITION OF FUNCTIONAL TERMS 
1A, 2A, 3A, 4A The data inputs for the 4-bits of the A word. 
1B, 2B, 3B, 4B The data inputs for the 4-bits of the B word. 
1Y, 2Y 3Y,4Y The four outputs of the multiplexer. 

G Strobe When the strobe is HIGH, the four outputs of the 
Am54S/74S157 (Am93S22) are LOW and the outputs of the 
Am54S/74S158 are HIGH. When the strobe is LOW, the 
devices are enable to pass data. 

S Select When the select input is LOW, the A word is present 
at the output. When the select input is HIGH, the B word is 
present at the output. 


SCHOTTKY INPUT/OUTPUT 
CURRENT INTERFACE CONDITIONS 


DRIVING OUTPUT DRIVEN INPUT 


Vcc 


UNIT LOAD 
2.8k2 NOM 


Note: Actual current flow direction shown. 
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Am54S/74S 157/158 


APPLICATION 


MULTIPLEXER 1 | MULTIPLEXER 2 
OB: 4) OO. 8 4. 8 


1A 1B 2A 2B 3A 3B 4A 4B 


Am54S/74S 157 
Am93S22 
QUAD 2-INPUT 
MULTIPLEXER 


2Y 3Y 


STROBE 


D2 D3 D4 Ds Dg D7 


S Dg Dy Dg D3 D4 Ds Dg D7 
Ao A . 


Am54S/74S 151 Am54S/74S151 


see A B 8-INPUT B 8-INPUT 
PLEX 
ADDRESS MULTIPLEXER MULTIPLEXER 
Ag 
A3 


MULTIPLEXER 1 
OUTPUT 


MULTIPLEXER 2 
OUTPUT 


Dual 10-Input Multiplexer 


Two 10-input multiplexers are shown above with the select lines common to the two multiplexers. Inputs 
are selected by an 8421 BCD Address. 


Metallization and Pad Layouts 


Am54S/74S157 Am54S/74S158 


Vcc 
16 


DIE SIZE 0.065" X 0.069” DIE SIZE 0.065"" X 0.069” 
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Am54S/74S160: Am54S/74S161 


BCD Decade/Four-Bit Binary Counters 


Distinctive Characteristics 


@ Fully synchronous counting @ Advanced Schottky technology 
@ Fully synchronous parallel loading @ 100% reliability assurance testing in compliance with 
@ Edge-triggered clock action MIL-STD-883 


FUNCTIONAL DESCRIPTION 


The Am54S/74S8160 and Am54S/74S161 are fully syn- 
chronous 4-bit decimal and binary counters. With the 
parallel enable (PE) LOW, data on the Pg-P3 inputs is 
parallel loaded on the positive clock transition. When PE 
is HIGH and both count enables CEP and CET are also 
HIGH, counting will occur on the LOW-to-HIGH clock 
transition. 


The terminal count state (1001 for the Am54S/74S160 and 
1111 for the Am54S/74S161) is decoded and ANDed with 
CET in the terminal count (TC) output. If CET is HIGH 
and the counter is in its terminal count state, then TC 
is HIGH. 


Both counters have an asynchronous master reset (MR). A 
LOW on the MR input forces the Q outputs LOW inde- 
pendent of all other inputs. The only requirements on 
the PE, CEP, CET and Po-P3 inputs is that they meet the 
set-up time requirements before the clock LOW-to-HIGH 
transition. 


LOGIC SYMBOL 


Am54S/74S160 
CET Am54S/74S161 ie 


Vcc = Pin 16 
GND = Pin8 


LOGIC DIAGRAMS 
Am54S/74S160 Am54S/74S161 


CONNECTION DIAGRAM 
Top View 


ORDERING INFORMATION 


Am54S/ Am54S/ 


74S160 748161 
Package Temperature Order Order 
Type Range Number Number 


Am54S/74S 160 


Molded DIP 0°C to +75°C SN74S160N  SN74S161N 
Am54S/74S161 


Hermetic DIP 0O°C to +75°C SN74S160J SN74S161J 
Dice 0°C to +75°C SN74S160X  SN74S161X 
Hermetic DIP —55°C to +125°C SN54S160J SN54S161J 
Hermetic Flat Pak —55°Cto+125°C SN54S160W SN54S161W 
Dice —55°C to +125°C SN54S160X  SN54S161X 


1 


MR CP Py Py Py P3 CEP GND 


Note: Pin 1 is marked for orientation. 
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Am54S/74S160/S161 
MAXIMUM RATINGS (Above which the useful life may be impaired) 


Storage Temperature —65°C to +150°C 
Temperature (Ambient) Under Bias —55°C to +125°C 
Supply Voltage to Ground Potential (Pin 16 to Pin 8) Continuous —0.5V to +7V 
DC Voltage Applied to Outputs for HIGH Output State —0.5V to +Vec max. 
DC Input Voltage | —0.5V to +5.5V 
DC Output Current, Into Outputs 30mA 
DC Input Current —30mA to +5.0mA 


ELECTRICAL CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (Unless Otherwise Noted) 


Am74S160X, Am74S161X Ta = 0°C to +75°C Voc = 5.0V + 5% (COM’L) MIN. = 4.75V MAX. = 5.25V 
Am54S160X, Am54S161X Ta = —55°C to +125°C Vcc = 5.0V + 10% (MIL) MIN. = 4.5V MAX. = 5.5V 
Typ. 
Parameters Description Test Conditions (Note 1) Min. (Note 2) Max. Units 


V = MIN., | =—1ImA MIL. 
Output HIGH Voltage CC OH m PML. 


VIN = Vip OF VIE. COM’L 


Vcc =MIN., | = 20 
VOL Output LOW Voltage cc OL mA 
Vin = Vin or Vie 


2.5 
Volts 
2.7 


9 | 69 
hl pt 


0.35 


io) 
oi 


Volts 


Volts 


oe tafe 
oo) 


Input HIGH Level Guaranteed input logical HIGH 
voltage for all inputs 
Input LOW Level Guaranteed input logical LOW 
voltage for all inputs 
Input Clamp Voltage Vcc = MIN., ly = —18mA 


P; MR; CEP 


CET 
CET 


Volts 


—1.2 Volts 


He —3.0 


(Note 3) 


| 
~ NS) ¢ 
a ro) 


Input LOW Current 


—5.0 

P; MR; CEP 

WH | ceT 
Input HIGH Current 

(Note 3) a 
Input HIGH Current Vcc = MAX., Vin = 5.5V 


Output Short Circuit Current 
Power Supply Current Vcc = MAX. (Note 5) 


Notes: 


oO 
oO 


> 


100 
125 


iS 3 
> 


S| 
> 


| 
ro) 
on 


—100 


N 


pe 
> 


3 
> 


127 


. For conditions shown as MIN. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type. 
. Typical limits are at Voc = 5.0V, 25°C ambient and maximum loading. 

Actual input currents = Unit Load Current x Input Load Factor (See Loading Rules). 

Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 

Outputs open; MR = OV; all other inputs HIGH. 


OANA 


Metallization and Pad Layouts 


Am54S/74S160 Am54S/74S161 


DIE SIZE 0.078" X 0.096” DIE SIZE 0.078” X 0.096” 
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Am54S/74S160/S161 
SWITCHING CHARACTERISTICS (T, = +25°) 


Parameters Description Test Conditions Min. Typ. Max. Units 


fMaAx Count Frequency 
Clock to Q 
t 
PLH Clock to TC 
t 
eee 


Master Reset Pulse 
Width 


Clock Pulse Width HIGH 
Clock Pulse Width LOW 


Data to Clock 
PE to Clock 
CEP or CET to Clock 


Vcc = 5.0V, Cy = 15 pF, Ry = 2802 


APPLICATIONS 


SYNCHRONOUS MULTISTAGE COUNTING USING CET INPUT ONLY 


TO MORE 
SIGNIFICANT 
STAGES 


CLOCK 


FASTER SYNCHRONOUS MULTISTAGE COUNTING USING CET AND CEP INPUTS 


TO MORE 
SIGNIFICANT 
STAGES 

(UP TO TOTAL} 


cP cP 
MR Qg Q; Q) Q3 | MR Qy9 Q;) Q) Q3 


CLOCK 
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Am54S/74S160/S161 


DEFINITION OF FUNCTIONAL TERMS LOADING RULES (In Unit Loads) 


PE Parallel Enable. When PE is LOW, the parallel inputs, Po Fan-out 
oe P3, are enabled. When PE is HIGH, the count function Input/Output Pin No.’s ees | ae ae 
possible. 
CEP Count Enable Parallel. CEP is one of the count enable MR 
inputs that must be HIGH for the counter to count. cP 
CET Count Enable Trickle. CET is one of the count enable 
inputs that must be HIGH for the counter to count. In ad- 
dition, CET is included in the TC output gate and must be 
HIGH for TC to be HIGH. 
CP Clock Pulse. Causes the required output change on the 
LOW-to-HIGH transition (Edge-triggered). 
MR Master Reset. When the asynchronous master reset is 
LOW, the Qo through Q3 outputs will be LOW regardless of 
the other inputs. 


oad 


1 ote 
2.5 = 
Po 1 — 
P4 re 


O;dO;I NN]! OM] oO] BR} WI dD 


—_ 
jo) 


Po, Pi, Po, P3 The parallel data inputs for the four internal 
flip-flops. 
Qo, Q1, Qo, Q3 ~The four parallel outputs from the counter. 


—_ ij; —_ 
NO; — 


TC Terminal Count. The terminal count output will be HIGH 
for CET HIGH and binary nine on the Am54S/74S160 or CET 
HIGH and binary 15 on the Am54S/74S161. 


— | 
h) Ww 


15 
16 


A Schottky TTL Unit Load is defined as 504A measured at 
2.7V HIGH and —2.0mA measured at 0.5V LOW. 


FUNCTION TABLE 


INPUTS OUTPUTS 


a 
ee ee ie ee eee 
Eee ee px fe fete ge | 


reas 

pepper pepe pep x px [ne [ne en 
a Re ne: 
ptt ata] afte [x] x] x | x [ne [ne] ne [ne | 
rEtaPera tte et ae 
NC = No Change 


Dj, may be either HIGH or LOW 
t LOW-to-HIGH Transition 


xr 
How oll 


TERMINAL COUNT (TC) TRUTH TABLE SCHOTTKY INPUT/OUTPUT 
CURRENT INTERFACE CONDITIONS 


DRIVING OUTPUT DRIVEN INPUT 


Am54S/74S160 Am54S/74S161 


UNIT LOAD 
2.8k2. NOM 


HIGH 
LOW 
Don’t Care 


: Actual current flow direction shown. 
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Am54S/74S174-Am54S/74S175 


Hex “Quadruple D-Type Flip Flops With Clear 


Distinctive Characteristics @ Positive edge-triggered D flip-flops 
@ 4-Bit and 6-Bit high-speed parallel registers. @ 100% reliability assurance testing in compliance with 
® Common clock and common clear. MIL-STD-883. 


FUNCTIONAL DESCRIPTION LOGIC SYMBOLS 


The Am54S/74S174 is a six-bit, high-speed register and 
the Am54S/74S175 is a four-bit, high-speed register built 
using advanced Schottky technology. The registers consist 
of D-type flip-flops with a buffered common clock and an 
asynchronous active LOW buffered clear. 

When the clear is LOW, the O outputs are LOW independent 
of the other inputs. Information meeting the set-up require- 
ments of the D inputs is transferred to the Q outputs on the 
positive-going edge of the clock pulse. 


Dy} Do D3 D4 D4 D2 


Am54S/74S174 
6-BIT REGISTER 


Qg Q; Q2 Ag Aq 


Am54S/748 175 
4-BIT REGISTER 


Vec* Pin 16 
GND = Pin 8 


LOGIC DIAGRAMS 


Am54S/74S174 


ORDERING INFORMATION CONNECTION DIAGRAMS 


Top Views 


Am54S/ Am54S/ 
748174 748175 


Package Temperature Order Order 
Type Range Number Number 
Molded DIP O°C to +70°C SN74S174N SN74S175N Am54S/74S175 
Hermetic DIP O°C to+70°C SN74S1743 SN74S175J 
Dice 0°C to+70°C SN74S174X SN74S175X 


Hermetic DIP -55°C to+125°C SN54S174J SN54S175J 
Hermetic Flat Pak -—55°C to+125°C SN54S174W SN54S175W 


6 
Dice -55°C to+125°C SN54S174X SN54S175X 1 


Note: Pin 1 is marked for orientation. 
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Am54S/74S174/175 
MAXIMUM RATINGS (Above which the useful life may be impaired) 


Storage Temperature —65°C to +150°C 
Temperature (Ambient) Under Bias —55°C to +125°C 
Supply Voltage to Ground Potential Continuous —0.5 V to +7 Vv 
DC Voltage Applied to Outputs for High Output State —0.5 V to +Vcc max. 
DC Input Voltage —0.5V to +5.5V 
DC Output Current, Into Outputs 30 mA 
DC Input Current —30 mA to +5.0mA 


Se et 


ELECTRICAL CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (Unless Otherwise Noted) 


Am748174, Am74S8175 Ta = 0°C to +70°C Vec = 5.0V +5% (COM’L) MIN. =4.75V MAX. = 5.25V 
Am54S174, Am54S175 Ta =-85°C to+125C =9Vec = 5.0V +10% (MIL) MIN. = 4.5V MAX. = 5.5V 
Parameters Description Test Conditions (Note 1) Min. Typ. (Note 2) Max. Units 
Vcc = MIN., loy = —1mA 74S 2.7 3.4 
VOH Output HIGH Voltage ——}—— Volts 
Vin = Vin or VIL 54S | 25 | 3.4 
Vec =MIN., | =20mA 
VOL Output LOW Voltage ce ae iv 0.5 Volts 
| Vin = Vin oF VIL 
b- ; Se ~ —- 
Vin Input HIGH Level sad a las logical HIGH voltage 2.0 Volts 
{ e ie ag ise —__+—- 
VIL Inout LOW Level Guaranteed input logical LOW voltage 0.8 Volts 
for all inputs 
bh — 4+— — oF 
V\ Input Clamp Voltage Vec = MIN., tin = —18MA —1.2 Volts 
et eee bee ee ee 
he Unit Load " 
Vcc = MAX., Vin =0.5V —2 A 
(Note 3) Input LOW Current CC MIN Die a 
sme ie Tee eA nes SE ee ages as is at ee en eee 
WH Unit Load - 
Vcc = MAX., Vin = 2.7V 50 A 
(Note 3) Input HIGH Current se IN . 
Le eS ee SS SS Se eee ee . 
| Input HIGH Current Vcc = MAX., Vin = 5.5 V 1.0 mA 
+ — SH nan nD rere 
lsc Output Short Circuit Current Vec = MAX., Vout = 0.0V _40 100 aah 
(Note 4) 
: lated Se a pan 
S174 90 144 
lec Power Supply Current Vcc = MAX. we Visine sme 
(Note 5) $175 60 96 
be a ee ee 
Notes: 1. For conditions shown as MIN. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type. 


1 
2. Typical limits are at Vcc = 5.0 V, 25°C ambient and maximum loading. 

3. Actual input currents = Unit Load Current x Input Load Factor (See Loading Rules). 

4. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 

5. All outputs open and 4.5V applied to the data and clear inputs. Measured after a momentary ground, then 4.5V applied to the clock input. 


Switching Characteristics (Ta = +25°C) 


Parameters Description Test Conditions Min. Typ. Max. Units 


Clock to Output 


Clear to Output 


Clock 
Clear Vec =5.0V, CL = 15pF, Ry = 2802 


Pulse Width 


Data Set-up Time 


Set-up Time. Clear Recovery (in-active) 
to Clock 


Data Hold Time 


Maximum Clock Frequency 
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Am54S/74S174/175 


Am54S/74S175 LOADING RULES (In Unit Loads) 


Fan-out 
Input Output Output 


Am54S/74S174 LOADING RULES (In Unit Loads) 


Fan-out 
Input Output Output 


Input/Output Pin No.’s UnitLoad HIGH LOW Input/Output Pin No.’s UnitLoad HIGH LOW 
EL 1 1 = = CL 1 1 S “a 
Qo 2 = 20 10 2 = 20 10 
Do 3 1 _ — Qo 3 — 20 10 
D; 4 1 = = Do 4 1 — is 
Q, 5 D, 5 1 — _ 
D2 6 Q; 6 ~ 20 10 
Q> 7 Q; 7 = 20 10 
8 GND 8 — — _ 
9 cP 9 1 a as 


DEFINITION OF FUNCTIONAL TERMS 


Dj; The D flip-flop data inputs. 


CL Clear. When the clear is LOW, the Qi outputs are LOW, 
regardless of the other inputs. When the clear is HIGH, data 
can be entered in the register. 


CP Clock pulse for the register. Enters data on the positive 
transition. 


Q; The TRUE register outputs. 
Q; The complement register outputs. 


X 
L 


H 
t 
i 


H = HIGH X = Don’t Care 
L = LOW NC = No Change 
t = LOW-to-HIGH Transition 


Note: Q; on Am54S/74S175 only 


SCHOTTKY INPUT/OUTPUT 
CURRENT INTERFACE CONDITIONS 


DRIVING OUTPUT DRIVEN INPUT 


UNIT LOAD 
2.8k2 NOM 


Note: Actual current flow direction shown. 
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MSB 


2 MSB 


3 MSB 


3 LSB 


2 LSB 


LSB 


Am54S/74S174/S175 


APPLICATION 


Am54S/74S 181 


Am54S/74S 174 


CK CLR 


12-BIT 
OUTPUT 
WORD 


Am54S/74S181 
Am54S/74S174 


Am54S/74S181 


ii ilk DUMP 


CLOCK 


(Am54S/74S181 in ADD mode) 


6-Bit Input, Integrate and Dump for 
Magnitude-Only Arithmetic (65 samples min. before overflow) 


Metallization and Pad Layouts 
Am54S/748 174 Am54S/74S175 


DIE SIZE: 0.070” X 0.083” DIE SIZE: 0.067” X 0.073” 
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Am54S/74S181 


Four-Bit Arithmetic Logic Unit/Function Generator 


Distinctive Characteristics 


@ Advanced Schottky technology 

e@ Performs 16 arithmetic operations including add, sub- 
tract, double and compare. 

e@e Performs all 16 possible logic operations of two 
variables in typically 11ns. 


@ Typical 4-bit add time is 11ns and carry time is 6ns. 
@ Full look-ahead capability for high-speed arithmetic 
operation on long words. 


@ 100% reliability assurance testing in compliance with 
MIL-STD-883. 


FUNCTIONAL DESCRIPTION 


The Am54S/74S181 is a 4-bit, high-speed parallel Arithmetic 
Logic Unit (ALU)/Digital Function Generator. When the 
mode control (M) is LOW the 16 arithmetic operations are 
performed under the control of the four select inputs. 
When the mode control is HIGH the sixteen logic opera- 
tions are performed on an individual bit basis between the 


two 4-bit parallel words under the control of the four: 


select inputs. 


An internal full look-ahead carry scheme is used for high- 
speed arithmetic operations and provision is made for 


further look-ahead by including both carry propagate (P) 
and carry generate (G) outputs. 


LOGIC DIAGRAM 


ORDERING INFORMATION 


Package Temperature Order 
Type Range Number 


Molded DIP O°C to +70°C SN74S181N 
Hermetic DIP O°C to +70°C SN74S181J 
Dice O°C to +70°C SN74S181X 
Hermetic DIP —55°C to +125°C SN54S181J 
Hermetic Flat Pak —55°C to +125° C SN54S181W 
Dice —55°C to +125°C SN54S181X 


An open collector output A = B is used to signal the 
equivalence of the two parallel words. The open collector 
feature allows for the equivalence function to be expanded 
as a wired-AND connection for larger word lengths. 


In many systems, the carry output C,44 is connected to 
the next higher C,, to provide ripple block arithmetic. The 
ALU can be used with either active HIGH or active LOW 
inputs and can be ripple expanded or full look-ahead ex- 
panded in either mode. The connection pattern is identical 
for either logic representation. 


LOGIC SYMBOLS 


ACTIVE LOW 
23 22 21 20 


A, By Ag Bo 


Am54S/74S181 


ACTIVE HIGH 
23 22 21 20 


A, By Ag Bo 


Am54S/748181 


Vcc = Pin 24 
GND = Pin 12 


CONNECTION DIAGRAM 
Top View 


Am54S/74S 181 


2 : 10 
a i 
= " F, 


Ao 


Note: Pin 1 is marked for orientation. 


Am54S/74S181 
MAXIMUM RATINGS (Above which the useful life may be impaired) 


Storage Temperature —65°C to +150°C 
Temperature (Ambient) Under Bias —55°C to +125°C 
Supply Voltage to Ground Potential (Pin 24 to Pin 12) Continuous —0.5V to+7V 
DC Voltage Applied to Outputs for HIGH Output State —0.5V to +Vcec max. 
DC Input Voltage —0.5V to +5.5V 
DC Output Current, Into Outputs 30mA 
DC Input Current —30mA to +5.0mA 


ELECTRICAL CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (Unless otherwise noted) 


Am74S181 Ta = O° Cto +70°C Voc = 5.0V +5% (COM'L) MIN. = 4.75V MAX. = 5.25V 
Am54S181 Ta =— 55°C to +125°C Voc = 5.0V +10% (MIL) MIN. = 4.5V MAX. = 5.5V 
Typ. 
Parameters Description Test Conditions (Note 1) (Note 2 Units 


Min. ) Max. 
[es [7s [a] 
Volts 


Output HIGH Voltage 
(Except A=B Output) 


Vcc = MIN., loH =—i1mA 


VOH Vin = Ving or Vib 


Vcc = MIN., lop = 20mA 


Output LOW Voltage Volts 
Vin = ViH or Vin 
G t i t logical HIGH vo! 

inpuwhiGH Lavel ushan eed input logica voltage Gales 
for all inputs 

i logical W vol 

inpusow Level Guaranteed input logical LOW voltage alte 
for all inputs 

Input Clamp Voltage Vcc =MIN., lin = —18mMA —1.2 Volts 


Vcc = MIN., VOH = 5.5V 


Output HIGH Current for A=B Output 250 A 
i Vin = Vin or VIL f: 
| a2 
ie —6 
Input LOW Current Vcc = MAX., Vin = 0.5V mA 
(Note 3) 


Input HIGH Current Vcc = MAX., Vin = 2.7V 


Input HIGH Current Vec = MAX., Vin = 5.5V 1 mA 
Output Short Circuit Current 
= —100 A 
Isc (Note 4) (Except A = B Output) 5 0 os 
Vcc = MAX. 120 180 mA 
ICC Power Supply Current (Note 5) Vcc = MAX., Ta = 125°C 159 PN 
Am54S Flat Package (W) Only 
Notes: 1. For conditions shown as MIN. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type. 


1 
2. Typical timits are at Vcc = 5.0V, 25°C ambient and maximum loading. 
3. Actual input currents = Unit Load Current x Input Load Factor (See Loading Rules). 
4. Not more than one output should be shorted at atime. Duration of the short circuit test should not exceed one second. 
5. lec is measured under two conditions — typ. and max. apply to both. 

A. Sj, M, Aj at 4.5V; all other inputs grounded; outputs open. 

B. Sj, M at 4.5V; all other inputs grounded; outputs open. 
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Am54S/74S181 
SWITCHING CHARACTERISTICS (Vcc = 5V, Ta = 25°C, Cy = 15 pF, Ry = 2802) 
To (Output) Test Conditions 


Parameter From (Input) 


tPLH 


ns 


PL | Be ag a . 
es 
- a m= OV (ee (a a (et 

t ee = M = OV, So = $3 = 4.5V, 8 12 
S1 = S92 = OV (SUM mode) 7 12 

t San = M = OV, So = $3 = OV, 15 
eee c 0-83 1e ns 
S1 =S2 = 4.5V (DIFF mode) 10 15 

t ey aes = M = OV, So = $3 = 4.5V, 7 1 
Roe: P 0= 83 en eae tl ie = 
Rott 5 M = OV, Sq = 83 = OV, [70 | 18 7 
S1 = Sq = 4.5V (DIFF mode) 10.5 15 

t eee M = OV, Sg = $3 = 4.5V, 16.5 
A; or B; Fi(j>i) oe uw ns 
S1 = Sg = OV (SUM mode) | 7 16.5 

t ne icon M = OV, Sg = S3 = OV, 20 
Aj; or Bj Fj(j >i) Ore le ns 

t a M = OV, Sg = Sa = 4.5V, 
S1 = Sp = OV (SUM mode) 11 16.5 

t M = OV, Sg = $3 = OV, 
S1 = S2 = 4.5V (DIFF mode) 14 22 

t 
M = 4.5V (LOGIC mode) :: 
| tPHL 22 
S1 = S2 = OV (SUM mode) 12.5 18.5 | 
M = OV, So = §3 = OV, 14 23 

. ns 

Sq = Sq = 4.5V (DIFF mode) 15 23 | 
M = OV, Sg = $3 = OV, 15 23 


tPHL S1 = S2 = 4.5V (DIFF mode) 


OPERATION TABLE 


CONTROL INPUTS ACTIVE LOW INPUTS AND OUTPUTS ACTIVE HIGH INPUTS AND OUTPUTS 


et ea 


L 


Arithmetic (M = L, C,, = L) 


A minus 1 


+ 


AB minus 1 


oe 


AB minus 1 


EE 
re ee ee 


| 


minus 1 (2's comp.) 


+ 


A plus [A + B] 


Logic (M = H) Arithmetic (M = L, C, = H) 


A 


Logic (M = H) 
A 


A+B 


A+B 


A+B 


AB 


minus 1 (2’s comp.) 


Logic ‘0’ 


A plus AB 


AB plus [A + B] 


AB plus [A + B] 


eae | 


ier 


A minus B minus 1 


A minius B minus 1 


A+B 


AB minus 1 


+ 
ee ee We OO 


A plus [A + B] 


+ 


1 


A plus B 


ao 


Jz|- 


A plus AB 


AB plus [A + B] 


A plus B 


AB plus [A + B] 


A+B 


AB minus 1 | 


A plus A (2 x A) 


A plus A (2 x A) 


etd 


+ 


A plus AB 


— 


A plus AB 


A plus [A + B] 


H 
L 
H 
L 
H 
L 
H 
L 
H 
L 
H 
L 
H 


eee ee ol eke | de Po oe lice kee tees 
ee | eae car eke) ke ck oie WR vile ask 4 


ae | as) | i eG 


L = LOW Voltage Level! 
H = HIGH Voltage Level 


A 


A plus [A + B] 
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A minus 1 


DEFINITION OF FUNCTIONAL TERMS 


Ao, Ai, A2, A3. The A data inputs. 
Bo, By, Bz, Bg. The B data inputs. 


So, $1, $2,$3 The contro! inputs used to determine the 


arithmetic or logic function performed. 
Fo, F4, Fo, F3 The data outputs of the ALU. 


M The mode control inputs used to select either the arith- 
metic or logic operations. 


Cy The carry-in input of the ALU. 
Cn+4 The carry-look-ahead output of the four-bit input field. 


G The carry-generate output for use in multi-level look- 
ahead schemes. 


P The carry-propagate output for use in multi-level look- 
ahead schemes. 


A=B The open collector comparator output that can be used 
to determine equivalence. This output is HIGH whenever the 
four F outputs are HIGH. 


USER NOTES 


1. Throughout this data sheet, the active LOW input and 
output terminology has been used. For the active HIGH 
definition, the nomenclautre shown under the active 
HIGH logic symbol should be substituted. 

. Arithmetic operations are performed on a word basis. 

. Logic operations are performed on a bit basis. 

. Arithmetic in 1's complement notation requires an end 
around carry. 

. Subtraction in 2’s complement notation requires a carry 
in (Cy = HIGH) for the active LOW case and (Cp = LOW) 
for the active HIGH case. 

. The A =B output only indicates that the four F outputs 
are all HIGH. 


Am54S/74S181 


LOADING RULES (In Unit Loads) 


Output Drive 
Input Output Output 
Unit Load HIGH LOW 


Input/Output Pin No.’s 


_ 


Oo] OO] Ni] oO] oa] B&B] WN 


=a/—_—|{ 
NO} =| © 


O/C = Open Collector 


A Schottky unit load is defined as 50uA measured at 2.7V HIGH 
and —2.0 mA measured at 0.5V LOW. 


SCHOTTKY INPUT/OUTPUT 
CURRENT INTERFACE CONDITIONS 


A=B OUTPUT 


502 NOM 


Kool 


DRIVING OUTPUT 


(Except A = B) DRIVEN INPUT 


UNIT LOAD 
2.8k2 NOM 


OL 


Note: Actual current flow direction shown. 
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Am54S/74S181 


SUM MODE TEST TABLE 


FUNCTION INPUTS: Sg = S3 = 4.5V, Sq =S9 =M = 0V 


Other Input 


Same Bit Other Data Inputs 


Output Output 


input : 

Parameter Under Test | Apply 4.5V | Apply 0V Apply 4.5V Apply 0V Under Test Waveform 
tPLH x. a Se ee C Fits>:) iy 
HL i emaining A and B n iii Phase 
t = = = 2 

PLH Remaining A and B Ch Fj (j>)) is 
tPHL Phase 
t ~ — = es 

PLH Ch Remaining A and B Fist mn 
tPHL Phase 
tPLH z ah = = In- 

i Cra Remaining A and B Fj+4 
tPHL Phase 
t —_ , _ — s 

Ere Aj Remaining A and B, Cy in 
tPHL Phase 
t = = a, é 

ern Aj Remaining A and B,Cn 0 
tPHL Phase 
t = ~ _ = 

PL Aj Remaining B Remaining A, Cy in 
tPHL Phase 
tPLH Aj Remaining B Remaining A, Cy In- 
tPHL Phase 
t oe = — -of- 

PtH A; Remaining B Remaining A, Cy Casa eure 
tPHL Phase 
t om — _ = ” 

PLH Aj Remaining B Remaining A, Crh, Cn+4 Outot 
tPHL Phase 
‘PLH Ch ANA AB Any F In: 
tPHL or Cy+4 Phase 


DIFF MODE TEST TABLE 
FUNCTION INPUTS: Sj = Sp» = 4.5V, Sg = S3 = M =0V 


Other Input 
Same Bit Other Data Inputs 
Parameter | Und 


Output Output 
er Test | Apply 4.5V | Apply 0V Apply 4.5V Apply 0V Under Test Waveform 
oo Aj Remaining A Remaining B, C Fi (j>)) ud 
PHL i emaining emaining B, Cy G2; Phase 
t a _ a 
BEM Aj Remaining A Remaining B, Cy Fj (j>)) Out-of- 
tPHL Phase 
tPLH 7 ee aR Sear ae ae In- 
Aj Remaining B, C Remaining A F; 
tPHL a ee ee S chase 
t a = a -of- 
Aaa Remaining B, Cry Remaining A Fi+4 Onto! 
tPHL Phase 
tPLH v4 ~ = In- 
A; oe 
tPHL oe ee eee ee Ee! os 
t a a = -of- 
el Aj Remaining A and B, Cy euee! 
tPHL Phase 
t = a = aa 
Eee Aj Remaining A and B, Cy G ais 
tPHL Phase 
t _ = = a 
ao Ai Remaining A and B, C, G Out-of- 
tPHL Phase 
t —_ a is 
A B; Remaining A Remaining B, Cy A=B In- 
tPHL Phase 
t _ — ae 
ae Aj None Remaining A Remaining B, Cy, A=B8 Out-of- 
tPHL Phase 
tPLH = — =~ Out-of- 
A; = 
tPHL | nme | none abe Cirinice ie 


t = 
me | | 
tPLH 

LOGIC MODE TEST TABLE 
FUNCTION INPUTS: Sq =S9 =M = 4.5V, Sg = S3 = OV 


daa dey . Other Data Inputs 
Input Output 
Under Test | Apply 4.5V | Apply 0V Apply 4.5V Apply 0V Under Test 


Remaining A and B, Cy Cn+4 ny 
Phase 
All A and B Any F a 


or Cn+4 Phase 


Output 


Parameter Waveform 


Out-of- 
Phase 
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Am54S/74S181 


APPLICATIONS 


12-Bit Adder /Subtractor 
(2’s Complement) 


H=ADD 


pon 
L = SUBTRACT v 
38 
Nw 
-vt 
w 
CLOCK cp & 
Ag Bo Ay By Az 82 As Ba Ag Bg Az 87 Ag Bg Ag 8g A190 B10 Ait 811 
CLEAR 
Ap Bg Ay 81 Ag B2 Ap Bo Ay By Az Bo Ag 83 A, By Ag Bo Ag Bg 
4 Am54S/74S181 AmS4S/74S181 Am54S/74S 181 
Em n Ch n Ch+4 JO 
A=B8 Fo Fy Fo Fa 3 A= 
Voc 
A=B 


Function Table 


A = Active HIGH B = Active LOW 
S, S, S, S, | Arithmetic (M = L, C, =H)| Logic (M =H) 
L LLL A A 
If one input is defined active—HIGH and the second input AES Bee A+B AB 
is defined active—LOW, the sixteen arithmetic and logic L HLL A+B AB 
ace ALU are reordered as shown in the HHLL minus 1 (2's comp.) Logic ‘0° 
L LHL A plus AB AB 
H LHL |. ABplus[A+6] B 
<a Ape Ee HAL)! ‘B | A@B 
ane H HHL AB minus 1 AB 
Se eed Am54S/74S181 L L LH A plus AB A+B 
mM. Lk uA A minus B minus 1 A@®B 
L H L H AB plus [A + B] B 
H H L H AB minus 1 AB 
L bt H H Aplus A (2 x A) Logic ‘1’ 
H L H H A plus [A + B] A+B 
LoHHH A plus [A + B] A+B 


L = Low Voltage Level 
H = High Voltage Level 


Metallization and Pad Layout 


Bo Vcc 
1 24 


‘a AFT IS 


‘ale - 


f 
i piga Oe USty; 4 bed 
Eases: 


11.12 13 
Fo GND F3 


DIE SIZE: = 0.083" X 0.091” 
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Am54S/74S194-Am54S/74S195 


Four-Bit High-Speed Shift Registers 


Distinctive Characteristics 


@ Parallel load or shift right with JK inputs on 
Am54S/74S195 . 


@ Shift left, right, parallel load or do nothing on 
Am54S/74S 194 


Fully synchronous shifting and parallel loading 
@ Buffered common clock 
® Buffered common active-LOW clear 


@ 100% reliability assurance testing in compliance with 
MIL-STD-883 


The Am54S/74S194 and Am54S/74S195 are 4-bit registers 
that exhibit fully synchronous operation in all operating 
modes. The Am54S/74S195 .can either parallel load all 
four register bits via the parallel inputs (A, B, C, D) or shift 
each of the four register bits right one place. The shifting or 
parallel loading is under control of the shift/load input (S/L). 
When the shift/load input is LOW, data is loaded from the parallel 
data inputs; when the shift/load input is HIGH, data is loaded 
from the register bits on the left. The first bit, Qa, is loaded via 
the J and K inputs in the shift mode. 


The Am54S/74S194 operates in four modes under control of the 
two select inputs, Sg and S1. The four modes are parallel load 
(data comes from the parallel inputs), shift right (data comes 
from the flip-flop to the left, with the Qa bit input from R), 


LOGIC SYMBOLS 


Am54S/74S 194 


Qa Og Ac Ap 


Vee = Pin 16 
GND = Pins 


CONNECTION DIAGRAMS 
Top Views 


GND 


Note: Pin 1 is marked for orientation. 


ORDERING INFORMATION 


Am54S/ Am54S/ 
74S194 748195 
Package Temperature Order Order 
Type Range Number Number 
Molded DIP 0°C to +70°C SN74S194N SN74S195N 


Hermetic DIP 0°C to +70°C SN74S194J SN74S195J 
Dice 0°C to +70°C SN74S194X SN74S195x 
Hermetic DIP -55°C to+125°C SN54S194J SN54S195J 
Hermetic Flat Pak -55°C to+125°C SN54S194W SN54S195W 
Dice -55°C to+125°C SN54S194xX SN54S195x 
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FUNCTIONAL DESCRIPTION 


shift left (data comes from the flip-flop to the right, with 
the Qp input from L), and hold or do nothing (each flip-flop 
receives data from its own output). 


For both devices the outputs change state synchronously following 
a LOW-to-HIGH transition on the clock input, CP. Both devices 
have an active-LOW asynchronous clear (CLR) which forces all 
outputs to the LOW state (Qp HIGH) independent of any other 
inputs. All control inputs are buffered to present only one 
Schottky TTL load to the system, and all outputs can drive 10 
Schottky loads in the LOW state and 20 in the HIGH state. 
Because all the flip-flops are D-type they do not catch 0’s or 
1’s, and the only requirements on any inputs is that they meet 
the short set-up and hold time intervals with respect to the 
clock LOW-to-HIGH transition. 


LOGIC DIAGRAMS 


Am54S/74S194 


ae 
ies 


ee 


i= 
= r 
a 


Am54S/74S 195 


A B C D 
O 


ae as ae te 
Cit 
S 


a IU 


Ale 


Am54S/74S194/S195 
MAXIMUM RATINGS (Above which the useful life may be impaired) 


Storage Temperature -65°C to +150°C 
Temperature (Ambient) Under Bias -55°C to +125°C 
Supply Voltage to Ground Potential (Pin 16 to Pin 8) Continuous -0.5V to+7V 
DC Voltage Applied to Outputs for HIGH Output State ~0.5V to +Vcc max. 
DC Input Voltage ~0.5V to +5.5V 
DC Output Current, Into Outputs 30 mA 
DC Input Current -30mA to +5.0mA 


ELECTRICAL CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (Unless Otherwise Noted) 


Am74S 194, Am74S 195 Ta =0°Cto+70°C Vec = 5.0 V +5% (COM'L) MIN, = 4.75 V MAX. 5.25 V 
Am54S 194, Am54S195 Ta = —55°C to +125°C Vec = 5.0 V + 10% (MIL) MIN. = 4.5 V MAX. = 5.5 V 
Parameters Description Test Conditions (Note 1) Min. Typ.(Note 2) Max. Units 


Ue ain 4 ame 2.7 
VOH Output HIGH Voltage ce OH a 
el eeea eee 


Vec = MIN., lot = 20mA 

VOL Output LOW Voltage Volts 
VIN = ViH OF VIL 

Vin Input HIGH Level Guaranteed input logical HIGH voltage Volts 
for all inputs 

ViL ApuL LOW Level Guaranteed input logical LOW voltage Volts 
for all inputs 


Volts 


V| Input Clamp Voltage Vcc = MIN., tiy_y = —18MA 


Ne Unit Load 
(Note 3) Input LOW Current 


NH Unit Load 7 _ 
(Note 3) Input HIGH Current Vec = MAX.,, Vin = 2.7 V es " 


Vcc = MAX., Vin, = 0.5 V 


| Input HIGH Current Vcc = MAX., Vin = 5.5 V 
Output Short Circuit Current Voc = MAX. _40 


(Note 4) 
$194 (Note 5 & 7) 
54S195 
Icc Power Supply Current Vec = MAX. (Note 6) 
748195 
(Note 6) 


. For conditions shown as MIN. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type. 

. Typical limits are at Vcc = 5.0V, 25°C ambient and maximum loading. 

. Actual input currents = Unit Load Current x Input Load Factor (See Loading Rules). 

Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 

. Outputs open. Inputs A, B, C, D grounded. Inputs Sg, S71, Clear, L, R, at 4.5 V. Measured after a momentary ground, then 4.5V applied to clock. 
Outputs open. S/L grounded. A, B, C, D, J, K at 4.5 V. Measured after applying a momentary ground then 4.5 V to the clear followed by ground 
then 4.5V to clock. 

. For Ta = 125°C; Icc MAX. = 110mA for Am54S194W. 


Notes: 


AaARWN = 


N 


~ Switching Characteristics (Tq = +25°C) 
Parameters Description Test Conditions Min. Typ. Max. Units 


: 


Clear Pulse Width 


Mode Control Set-up Time Veco =5.0V, Cy = 15 pF, Ry = 2802 


Clear Recovery to Clock 
Data Hold Time 
Shift/Load Release Time 
Am54S/74S195 


fMAX. Maximum Clock Frequency 


teow | 
foi 
ty 
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Am54S/74S194/S195 


DEFINITION OF FUNCTIONAL TERMS LOADING RULES (In Unit Loads) 


a4. Am54S/ Am54S/ Fan-out 

J, K The logic inputs used for controlling the Q, flip-flop 748195 748194 Input Output Output 
of the Am54S/74S195 register when S/L is HIGH. Input/Output Input/Output Pin No.’s Unit Load HIGH LOW 
CLR Clear. The asynchronous master reset input. batch das ! : = = 
CP Clock pulse for the register. Enters data on the LOW- a és 2 : = == 
to-HIGH transition. K A 3 1 = a 
S/L Shift/Load. The input for selection of parallel or A B 4 1 — _ 
serial shifting for the AM54S/74S195 register. S/L LOW B Cc 5 1 at ee 
selects parallel entry. C D 6 ; _ 7 
So, $1 The mode select inputs of the Am54S/74S194. 
A,B,C, D_ The four parallel data inputs for the register. 2 : u : aa 
R The serial input to the Qa flip-flop of the Am54S/ Cha “ aes 
74S 194 in the right shift mode. Shift/Load = = So 9 1 = 7 
L The serial input to the Qp flip-flop of the Am54S/ cP $1 10 1 Be = 
74S 194 in the left shift mode. Gp a _ 20 10 
Qa, Qp, Qc, Ap The four true outputs of the register. _ cp 11 1 = = 
Qp The complement output of the Qp flip-flop. (Am54S/ Q5 Qp ras 7 50 a 
74S195 only). 

Qc Qc 13 = 20 10 


FUNCTION TABLE 
Am54S/74S 194 


FUNCTION TABLE 


Am54S/74S195 


[3 KR] A B C DQ, Og Qc Ap Op 
Px x[x x x xf[e et te 4 


xX Xx 
X -®&}|NC NC NC NC NC 
X -®h&}NC NC NC NC NC 


H Qa Qg Qc Ac 
Qa Qa OB A Ac 


FUNCTION 


x 
X -@h® |X X X XINCNC NC NC 
X -'® {|X X X XINC NC NC NC 


Change 


x xX | XK 
x) xK «Kx 
x X< 
x xX 


e) 
Oo 
) 
— 
e) 
LS) 
e) 
[e) 
fe) 
oO 
= 
fw) 
NO 
) 
WO 
a1 
Ww 


n me) 
aFljas a 
2 


rirr)| x 
Crre 


Left 
Hold 


Reem | a ee 
rler|ox| z= i|xx |x 

x 

x 

re 

°o 

= 

e) 

N 

) 

(¢*) 

re) 

fo) 

s) 

—_ 

o 

N 

fs) 

i) 


H = HIGH X = Don’t Care 

L = LOW NC = No Change 

t = LOW-to-HIGH transition. 

D; = May be a HIGH or a LOW and the respective output will assume the 
same state. 


x 
x 


io) 

=> 

rir 
xxi rmer 

x< xX 
x KK) KX 
x|x«K KK OX 
x1 «KK KX 

OD 

ow 

OO 

oO 

po el ra 


H = HIGH X = Don’t Care 

L = LOW NC = No Change 

t = LOW-to-HIGH transition. 

D; = May be a HIGH or a LOW and the respective output will assume the 
same state. 


Notes: 1. If the J and K inputs are tied together, the common line becomes a 
D-Type input to the first bit in the shift mode. 


2. Linear feedback shift counters can be made by connecting the Qp and 
Qp outputs to the K and J inputs, respectively. 


SCHOTTKY INPUT/OUTPUT 
CURRENT INTERFACE CONDITIONS 


DRIVING OUTPUT DRIVEN INPUT 


Vcc 


UNIT LOAD 
2.8k2 NOM 


Note: Actual current fiow direction shown 
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Am54S/74S194/S195 
APPLICATIONS 


HIGH-SPEED MOD 15 LINEAR FEEDBACK SHIFT REGISTER 


Sequence is 0, 1, 2, 5, 10, 4, 9, 3,6, 13, 11, 7, 14, 12, 8, O (15 is non-self correcting; use clear to initialize) 


12-BIT SHIFT-LEFT, SHIFT-RIGHT, PARALLEL-LOAD REGISTER 


eee a Rs 
So R A B C DL 


S41 


Am54S/74S 194 


Am54S/74S194 
cP 
ctr Qa Og Ac AD 


cLR 94 Qg Qc Ap 
() 
CLEAR 


Bo 8; B2 83 


Bg Bs Bg B7 


Bg Bg Bio 811 


Metallization and Pad Layouts 


Am54S/74S 194 Am54S/74S 195 


DIE SIZE 0.072” X 0.093” 


DIE SIZE 0.072” X 0.093" 
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Am54S/74S240 -Am54S/74S241 
Am54S/74S$242 -Am54S/74S243 
Am54S/74S244 


Octal Buffers/Line Drivers/Line Receivers With Three-State Outputs 


FUNCTIONAL DESCRIPTION 


These buffers/line drivers, used as memory-address drivers, 
clock drivers, and bus oriented transmitters/receivers, pro- 
vide improved PC board density. The outputs of the com- 
mercial temperature range versions have 64mA sink and 
15mA source capability, which can be used to drive termi- 
nated lines down to 133. The outputs of the military tem- 
perature range versions have 48mA sink and 12mA source 
current capability. 


DISTINCTIVE CHARACTERISTICS 


Three-state outputs drive bus lines directly 
Advanced Schottky processing. 
Hysteresis at inputs improve noise margin 
PNP inputs reduce D.C. loading on bus lines 
Vo. of 0.55V at 64mA for Am74S; 48mA for Am54S 
Data-to-output propagation delay times: 
Inverting — 7.0ns MAX 
Non-inverting — 9.0ns MAX 
@ Enable-to-output — 15.0ns MAX 
® 100% reliability assurance testing in compliance with 
MIL-STD-883 : 
@ 20 pin hermetic and molded DIP packages for Am54S/ 
748240, Am54S/74S241, and Am54S/74S244 


Featuring 0.2V minimum guaranteed hysteresis at each 
low-current PNP data input, they provide improved noise 
rejection and high-fan-out outputs to restore Schottky TTL 
levels completely. 


The Am54S/74S240, Am54S/74S241 and Am54S/74S244 
have four buffers which are enabled from one common line, 
andthe other four buffers are enabled from another common 
line. The Am54S/74S240 is inverting, while the Am54S/ 
74S241 and Am54S/74S244 present true data at the outputs. 


The Am54S/74S242 and Am54S/74S243 have the two 4-line 
data paths connected input-to-output on both sides to form 
an asynchronous transceiver/buffer with complementing 
enable inputs. The Am54S/74S242 is inverting, while the 
Am54S/74S243 presents non-inverting data at the outputs. 


CONNECTION DIAGRAMS 
Top Views 


Am54S/74S240 Am54S/74S241 Am54S/74S242 Am54S/74S243 Am54S/74S244 


Note: Pin 1 is marked for orientation. 


ORDERING INFORMATION 


Order Number 


Package Temperature 
Type Range Am54S/74S240 Am54S/74S241 Am54S/74S242 Am54S/74S243 Am54S/74S244 


Hermetic ~55°C to +125°C SN54S240J SN54S241J SN54S242J SN54S243J SN54S244J 
Dice -55°C to +125°C AM54S240X AM54S241X AM54S242X AM54S243X AM54S244xX 

Hermetic O°C to +70°C SN74S240J SN74S241J SN74S242J SN74S243J SN74S244J 

Molded O°C to +70°C SN74S240N SN74S241N SN74S244N 
Dice O°C to +70°C AM74S240X AM74S241X AM74S242X AM74S243X AM74S244X 
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Am54S/74S240 


1A1 1¥1— 2A1 
1A2 1¥2 2A2 
1A3 1¥3 2A3 
1A4 1¥4  2A4 

1G 2G 


Note: All gates have input hysteresis. 


Am54S/748242 


1G 
1A/Y 
2A/¥ 
3A/Y 
4A/Y 


1A1 


1A3 


LOGIC DIAGRAMS 


Am54S/748241 


1¥1 2A1 
1¥2. 0 -2A2 
1¥3 -2A3 
1¥4 2A4 


2G 


MAXIMUM RATINGS above which the useful life may be impaired 


Storage Temperature 
Temperature (Ambient) Under Bias 
Supply Voltage to Ground Potential 


DC Voltage Applied to Outputs for HIGH Output State 


DC Input Voltage 
DC Output Current 
DC Input Current 
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Am54S/74S240/S241/S242/S243/S244 


Am54S/74S244 


2Y1 1A1 1Y1 

2Y2 1A2 1Y2 

2Y3 1A3 1¥3 

2Y4 1A4 1¥4 
1G 


Am54S/748243 


2A1 21 
2A2 2Y2 
2A3 2Y3 
2A4 2¥4 


-65°C to +150°C 
-55°C to +125°C 
-0.5V to +7.0V 
-0.5V to +Vec max. 
~0.5V to +7.0V 
150mA 

-30mA to +5.0mA 


Am54S/74S240/S241/S242/S243/S244 


ELECTRICAL CHARACTERISTICS 
The Following Conditions Apply Unless Otherwise Noted: 


Am54S8240/$241/S242/S243/S244 (MIL) Ta =—-55°C to+125°C Veci(MIN.) =4.50V Veci(MAX.) = 5.50V 
Am748240/$241/S242/S243/S244 (COM’'L) Ta =O Cto+70°C Vec(MIN.) =4.75V Vec(MAX.) = 5.25V 

ELECTRICAL CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE Typ. 

Parameters Description Test Conditions (Note 1) ; (Note 2) Max. Units 


Volts 


Volts 


~ lz 
o/s 


Vcc = MIN., 1) = —18mA Volts 


Vcc =MIN., Vit = 0.8V 

IOH = —3.0mMA 

MIL, low = —12mMA 
COM'L, |OH = —15mMA 
Vec = MIN.| MIL, loL = 48mA 


Vit = 0.8V | COM'L, Io_ = 64mA 


Vo = 2.4V 


VOH High-Level Output Voltage Volts 


VOL Low-Level Output Voltage 
Off-State Output Current, 


Ww 
‘ip 
| ej ol1o 
on ro) ol ow 
oO oo] co 
is 5 
> = 
na 


NTN 
oO; oO 


Short-Circuit Output Current (Note 3) —225 mA 


MIL 
COM'L 
MIL 
COM'L 
MIL 


All Outputs 
HIGH 


100 
100 
100 


145 
150 
145 


Am54S/74S240 
Am54S/74S242 


All Outputs 
LOW 


! 
O2H High Level Voltage Applied 
Off-State Output Current, Vo = 0.5V 
O2ZL Low-Level Voltage Applied ; 
Input Current at Maximum 
I V = MAX., V; = 5.5V 
| Input Voltage cc 2 od me 
hy High-Level Input Current, Any Input Voc = MAX., Viy = 2.7V 
; : | -400 | wa 
hye Low-Level Input Current Vec = MAX., Vi = 0.5V 


Vcc = MAX. 
Outputs open 


Outputs at Hi-Z 


win 
=] 
> 


Supply Current COM'L 100 
All Outputs MIL 95 
HIGH COM'L 95 160 
beet cal ral Outputs Voc = MAX. MIL 120 170 
Am54S/748243 | | oy 


Outputs open 


COM'L 
MIL 
COM’L 


120 
120 
120 


180 
170 
180 


Am54S/74S244 


oO 


Outputs at Hi-Z 


aa 
> 


Notes: 1. For conditions shown as MIN. or MAX., use the appropriate value specified under recommended operating conditions. 
2. All typical values are Vcc = 5.0V, Ta = 25° C. 
3. Not more than one output should be shorted at a time, and duration of the short-circuit should not exceed one second. 


Am54S/748241 
SWITCHING CHARACTERISTICS (Vcc = 5V, Ta = 25°C) Ambss! 75250 Am548/74S8243 
Am54S/74S242 Am54S/74S244 

Parameter Description Test Conditions Min. Typ. Max. Min. Typ. Max. Units 


ae Propagation Delay Time, 
PLH Low-to-High-Level Output 


Propagation Delay Time, 
High-to-Low-Level Output Cy = 50pF, Ry = 902 (Note 3) 


Output Enable Time to Low Level 


Output Enable Time to High Level 
Output Disable Time from Low Level 
Cy = 5.0pF, Ry = 902 (Note 3) 


Output Disable Time from High Level 
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Am54S/74S240/S241/S242/S243/S244 


LOAD CIRCUIT FOR ; VOLTAGE WAVEFORMS 
THREE-STATE OUTPUTS ENABLE AND DISABLE TIMES, THREE-STATE OUTPUTS 


TEST ‘ OUTPUT 
Soint cc CONTROL 

Cc (LOW-LEVEL 1.3V 1.3V 
ENABLING} 


WAVEFORM 1 s4.5V $1 & So 


1 
SICLOSED 
S1 S2 OPEN 1.3V CLOSED > 1.5V 
Vou 


aa | Hz | | nf ov 


eit an ae YOH 

INQI _ 7 

OR ST OPEN 1.3V S$, &S5 1.5V 
S2 CLOSED 

IN3064 WAVEFORM 2 ——_——— <ov CLOSED 


FROM OUTPUT 
UNDER TEST 


. Waveform 1 is for an output with internal conditions such that the Output is low except when disabled by the output control. 
2. Waveform 2 is for an output with internal conditions such that the Output is high except when disabled by the output control. 

3. Inthe examples above, the phase relationships between inputs and outputs have been chosen arbitrarily. PRR < 1.0MHz, ZouT ~ 5022 
and ty < 2.5ns, te < 2.5ns. 


FUNCTION TABLES 


Am54S/748241 
Am54S/74S8242 Am54S/74S240 Am54S/74S243 Am54S/74S244 


INPUTS OUTPUTS INPUTS | OUTPUT INPUTS OUTPUTS INPUTS | OUTPUT 


GIA Y 1G A 
Xx Zz 
H H 
L L 


G 
H 
L 
L 


X Zz 
H L 
L H 


APPLICATIONS 


Am54S/74S241'S USED AS REPEATER/LEVEL RESTORER 


DRIVER RECEIVER 
1/8 ‘S241 1/8 'S241 


LONG LINE 
REPEATER REPEATER REPEATER 
1/8 ‘S241 1/8 ‘S241 1/8 'S241 
INPUT OUTPUT 
C, c*: = -4d. -1. 
L¢-T* °T. “T: "Ts 
—L 


—_ —_. 


INPUT OUTPUT INPUT OUTPUT — INPUT OUTPUT = INPUT 


‘S240 USED AS SYSTEM AND/OR MEMORY BUS DRIVER — 
4-BIT ORGANIZATION CAN BE APPLIED TO HANDLE BINARY OR BCD 


CONTROL OR MICROPROGRAM ROM/PROM 
OR 
MEMORY ADDRESS REGISTER 


ile ail 
: rN VV YYVV 


Eaten 


Am54S/74S240 


OUTPUT 
CONTROL 


SYSTEM AND/OR MEMORY-ADDRESS BUS 
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Am54S/74S240/S241/S242/S243/S244 


APPLICATIONS (Cont.) 


INDEPENDENT 4-BIT BUS PARTY-LINE BUS SYSTEM 
DRIVERS/RECEIVERS WITH MULTIPLE INPUTS, OUTPUTS, AND RECEIVERS 
IN A SINGLE PACKAGE 
Am54S/74S240 1/4 'S241 PARTY-LINE 1/4°S241 
ne DRIVER MULTIPLE DRIVER 
[ewer as INPUT/OUTPUT BUS [= Grae ~~] 


INPUT A | INPUT B 


TO OTHER TO OTHER 
BUFFERS BUFFERS 
OUTPUT A OUTPUT B 
OUTPUT oon | | | 
PORTS DATA 
BUS 
| | | | 
nd a ed 
BUS RECEIVERS BUS 
CONTROL INPUT OUTPUT CONTROL 
H -H B A Be ‘iL 
OUTPUT-PORT cee p oan 
CONTROL LoL ‘i - Hi. GH 
L oH A A L oH 
HOoL NONE NONE ie. Aa 
TO 
DATA 
BUS 
G INPUT-PORT 
CONTROL 


Metallization and Pad Layout 
Am54S/74S240 @ Am54S/74S241 @ Am54S/74S244 


2G, (2G) 
1Y1 


DIE SIZE 0.093” X 0.109" 
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Am54S/74S257*Am54S/74S258 


Quadruple 2-Line To 1-Line Data 


Distinctive Characteristics 


@® Three-state outputs interface directly with bus organ- @ Pin assignments identical with Am54S/74S157 and 


ized systems Am54S/74S 158 
@ 100% reliability assurance testing in compliance with 
@ Schottky clamp provides improved AC performance MIL-STD-883 


FUNCTIONAL DESCRIPTION LOGIC SYMBOL 


The 2-line to 1-line data selector multiplexer can be used to 
transfer data to a common data bus directly by using the 
three-state capability of the device. With the output control 
(OE) HIGH, the four outputs of the data selector are in the 
high impedance state. With the output control LOW, the 
selected four bits (A or B inputs) are bussed onto the four 


2 3 5 6 11 10 14 13 2 3 5 6 11 10 14 13 


1A 1B 2A 2B 3A 3B 4A 48 1A 1B 2A 2B 3A 3B 4A 4B 


data lines. 1 


The typical propagation delay times from data input to 
output average 4.8ns for the Am54S/74S257 and 4ns for 
the Am54S/74S258. Also, to minimize the possibility that 
two outputs will attempt to drive the common bus to 
opposite logic levels, the output enable circuitry is designed 
such that the output disable times are shorter than the 
output enable times. 


Am54S257, Am74S257 LOGIC DIAGRAMS 


Am54S258, Am74S258 


OUTPUT a= (15) 
CONTROL ° - >. 


@ 
@ 


N 
> 
a 
a 
N 
< 


1 
SELECT >o 


ea 
DJUU 


CONNECTION DIAGRAM 
Top View 


ORDERING INFORMATION 


Am54S/ 
74S257 


Am54S/ 
74S258 


Package 
Type 


Molded DIP 
Hermetic DIP 
Dice 
Hermetic DIP 
Hermetic Flat Pack 
Dice 


Temperature 
Range 


0°C to +70°C 
O°C to +70°C 
0°C to +70°C 


-55°C to +125°C 
-~55°C to +125°C 
-55°C to +125°C 


Order 
Number 


SN74S257N 
SN74S2575J 
SN74S257X 
SN54S82575 
SN54S257W 
SN548257X 


Order 
Number 


SN74S258N 
SN74S258J 
SN74S258X 
SN54S258J 
SN54S258W 
SN54S258X 


4-108 


Am54S/74S257 
Am54S/748258 


Note: Pin 1 is marked for orientation on flat package only. 


Am54S/74S257/258 
MAXIMUM RATINGS (Above which the useful life may be impaired) 


Storage Temperature | —65°C to +150°C 
Temperature (Ambient) Under Bias ~55°C to +125°C 
Supply Voltage to Ground Potential Continuous —0.5Vto+7V 
DC Voltage Applied to Outputs for High Output State oe —0.5 V to +Vec max. 
DC Input Voltage —0.5V to +5.5V 
DC Output Current, Into Outputs : 30mA 
DC Input Current | —30 mA to +5.0mA 


ELECTRICAL CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (Unless Otherwise Noted) 


Am74S 257/S258 Ta = 0°C to +70°C Vec = 5.0V 5%  (Com'!) Min=4.75V = Max = 5.25V 
Am54S 257/S258 Ta = —55°C to +125°C Vec = 5.0V +10% (Mil) Min=4.5V Max = 5.5V 
Typ. 
Parameters Description Test Conditions (Note 1) Min. (Note 2) Max. Units 
VOH Output HIGH Voltage 
Vec = MIN., Vip = 2V 
VOL Output LOW Voltage ce 1 
Vit =0.8V,loL = 20mA 
Vig Input HIGH Level Guaranteed input logical HIGH 
voltage for all inputs 
ViL Input LOW Level Guaranteed input logical LOW 
voltage for all inputs 
Vv} Input Clamp Voltage Vcc = MIN., lin, = —18MA 
Unit Load S Input 


1 
IL Input LOW Current | Any Other 
NH Unit Load S Input 
(Note 3) Input HIGH Current Any Other 


iF Input HIGH Current Vcc = MAX., Vin = 5.5V 


lo Off-State (HIGH Impedance) TT oe i aah 
Output Current Vg = 0.5V 
Isc Output Short Circuit Current (Note 4) Vcc = MAX., VouT = 0.0 Vv —40 


is Am54S/748257 
All Outputs HIGH + mA 
Am54S/74S258 36 56 
puerto tetera irate Vcc = MAX. | Am54S/748257 | 60 93 A 
ower ou urren u uts ae, st m 
cc i ‘ (Note 5) Am548/74S258 52 81 


All Outputs OF F 


Am54S/74S257 64 | (go 
Am54S/74S258 56 87 


. For conditions shown as MIN. or MAX. use the appropriate value specified under Electrical Characteristics for the applicable device type. 
. Typical timits are at Vcc = 5.0V, 25°C ambient and maximum loading. 


Notes: 1 

2 

3. Actual Input Currents = Unit Load Current x Input Load Factor (See Loading Rules). 
4 

5 


. Not more than one output should be shorted at a time and duration of the short circuit test should not exceed one second. 
- loc is measured with all outputs open and all possible inputs grounded while achieving the stated output conditions. 


Switching Characteristics (T, = 25°C) 
Parameters . Description | Test Conditions Min. Typ. Max. Units 


t Select to Output 
$258 


—- 
| $258 | 
| $258 | 


Veco =5V,R_ = 280 2, Cy = 15 pF 
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Am54S/74S257/258 


LOADING RULES (In Unit Loads) 


Fan-out 
Input Output Output 
Input/Output Pin No.’s UnitLoad HIGH LOW 
54S 74S 


i eee TABLE 


INPUTS | == OUTPUTS 


Output Am54S/ Am54S/ 
Control 748257 748258 


H 

L H 
L L 
L H 
L. L 


H = HIGH X = Don’t Care 
= LOW Z = High Impedance 


Ss. 
1A 


Ol oO!;wN| OM) on) A] Ww) ny] = 
oa 
| 
| 


oh —s —" 
Ni} =—| Oo 
| 2 _ 

Sits 

— 

w | | | 

(en) 

— 

oO | | | 


—_ 
& 
— 
| 

| 

| 


F/O) $) 8) 2/$) 8) 
a o 
| | 
| | 
| | 


> 
Oo 


Cc _ — So _ 


A Schottky TTL Unit Load is defined as 50 uA measured at 2.7 V 
HIGH and —2.0mA measured at 0.5V LOW. 


FUNCTIONAL TERMS 
1A, 2A, 3A,4A The data inputs for the 4-bits of the A word. 
1B, 2B, 3B,4B The data inputs for the 4-bits of the B word. 
1Y, 2Y, 3Y,4Y The four outputs of the multiplexer. 


OE Output Control When the output contro! is HIGH, the 
four outputs are in the high impedance state. When the output 
control! is LOW, the selected A or B input is present at the output. 


S Select When the select input is LOW, the A word is present 
at the output. When the select input is HIGH, the B word is 
present at the output. 


SCHOTTKY INPUT/OUTPUT 
CURRENT INTERFACE CONDITIONS 


DRIVING OUTPUT 


DRIVEN INPUT 


UNIT LOAD 
2.8k92. NOM 


Note: Actual current flow direction shown 
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Am54S/74S257/258 


APPLICATIONS 


Am9301 


WORD A WORD B WORD G WORD H 


4-BIT 
DATA BUS 


8-Word, 4-Bit Multiplexer 


APPLICATION BRIEF — THREE STATE OUTPUTS 


When a three-state Schottky output is in the high-impedance state, the maximum off-state leakage current is specified as 50uA at 2.4V and 
—50uA at 0.5V. This leakage loading must be added to the input loading of the devices connected to the data bus for worst-case design. For 
this reason, the output HIGH source current of the three-state devices are specified with lop = —2mMA for the Am54S series and IOH = —6.5 
mA for the Am74S series. The output LOW sink current for all Am54S/74S devices is specified as Io, = 20mA at 0.5V. 


The high current sinking and sourcing capability allows many three-state outputs to be bus-organized and drive several TTL inputs reliably. An 
example of the Ioy and Iq; loading calculations is shown in Table |. The important factor for bus-organized three-state outputs is not to 
exceed either the HIGH-state or the LOW-state maximum loading. 


TABLE | 


TYPE LOAD DATA BUS HIGH LOAD 


54S/74S outputs Hi-Z 5OuA x 36 =1.8mA 


NO. OF LOADING 
DEVICES ON BUS 
54S/74S inputs 5O0upAx 4= .2mA 


36 
4 
2.0mA —9.8mA 


LTE GABINGcee: (me MAXIMUM 
AmTaS 


DATA BUS LOW LOAD 


—5OuA x 36 = —1.8mA 
—2mA x 4= —8.0MmA 


Metallization and Pad Layouts 
Am54S/74S257 Am54S/74S 258 


DIE SIZE 0.065” X 0.069” DIE SIZE 0.065” X 0,069” 
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Am54S/74S350 


Four-Bit Shifter With Three-State Outputs 


Distinctive Characteristics 
@ Shifts 4-bits of data to 0, 1, 2 or 3 places under con- 


trol of two select lines. @ 100% reliability assurance testing in compliance with 
@ Three-state outputs for bus organized systems. MIL-STD-883. 


@ 6.5ns typical data propagation delay. 


FUNCTIONAL DESCRIPTION LOGIC SYMBOL 


The Am54S/74S350 is a combinatorial logic circuit that ac- 

cepts a four-bit data word and shifts the word 0, 1, 2 or 3 

places. The number of places to be shifted is determined by a 

two-bit select field Sp and S;. An active-LOW enable controls 5 heb lo M1 le ts 
the three-state outputs. This feature allows expansion of 

shifting over a larger number of places with one delay. 


By suitable interconnection, the Am54S/74S350 can be used 
to shift any number of bits any number of places up or down. 
Shifting can be logical, with logic zeroes pulled in at either or 
both ends of the shifting field; arithmetic, where the sign bit 
is repeated during a shift down; or end around, where the 


: Vec = Pin 16 
data word forms a continuous loop. ce 


GND = Pin 8 


LOGIC DIAGRAM 


CONNECTION DIAGRAM 
Top View 


Yy ¥3 


Yo 
tal 
12 


Note: Pin 1 is marked for orientation 
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Am54S/74S350 
MAXIMUM RATINGS (Above which the useful life may be impaired) 


Storage Temperature —65°C to +150°C 
Temperature (Ambient) Under Bias —55°C to +125°C 
Supply Voltage to Ground Potential (Pin 16 to Pin 8) Continuous —O.5Vtot+7V 
DC Voltage Applied to Outputs for High Output State —0.5 V to +Vcc max. 
DC Input Voltage —0.5V to +5.5V 
DC Output Current, Into Outputs 30mA 
DC Input Current —30 mA to +5.0mA 


Meee ee nS ee et 


ELECTRICAL CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (Unless Otherwise Noted) 


SN74S350 Ta =O0°C to +70°C Voc = 5.0V +5% (COM’L) MIN. = 4.75 V MAX. = 5.25V 
SN54S350 Ta = —55°C to +125°C Voc = 5.0V £ 10% (MIL) MIN. = 4.5V MAX. = 5.5V 
Parameters Description Test Conditions (Note 1) Min. Typ.(Note 2) Max. Units 


Volts 


VOH Output HIGH Voltage ce L,TOH sada eel 
Vin = Vin or Vig |COM'L, IoH = —6.5mA 2.4 
V = MIN., | =20mA 
VoL Output LOW Voltage ce oF 
VIN = ViH oF ViL 
Vin Input HIGH Level Guaranteed input logical HIGH 20 
voltage for all inputs 
Vib Input LOW Level Guaranteed input logical LOW 
voltage for all inputs 
Input Clamp Voltage Vcc = MIN., lyn =—18mMA 
Unit Load 
1 = ; = 0. 
Input LOW Current VeCo MAR MINT 02 
Unit Load zs = 
Input HIGH Current Mice s MAR MIN 2:0 
i Vo =24V 
Output Current Vo =0.5V 
| | Input HIGH Current Voc = MAX., Vin =5.5V 


Volts 


Volts 


w| oo 
Nl & 


Volts 


= 3 
> 


| 
—_h 


2 Volts 


> 


> 


3 


3 = 
> > 


Output Short Circuit Current in : 
(Note 3) Vcc = MAX., VouT = 0.0V 
Vcc = MAX., All outputs open 
P ly C : : 
ower Supply Current All inputs = GND 


Notes: 1. For conditions shown as MIN. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type. 
2. Typical limits are at Vcc = 5.0V, 25°C ambient and maximum loading. 
3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 


i. 
> 


Switching Characteristics (Ta = +25°C) 
Parameters Description Test Conditions Min. Typ. Max. Units 


Vcc = 5.0V, CL = 15pF, Ry = 2802 
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Am54S/74S373 ¢« Am54S/74S533 


Octal Latches with Three-State Outputs 


DISTINCTIVE CHARACTERISTICS FUNCTIONAL DESCRIPTION 


8 latches in a single package 
Am54S/74S373 has non-inverting outputs 


e The Am54S/74S373 is an octal latch with three-state outputs 
e 

e@ Am54S/74S533 has inverting outputs 

e 

e 


for bus organized system applications. The latching flip-flops 
appear to be transparent to the data (data changes asyn- 
chronously) when latch enable, G, is HIGH. When G is LOW, 
the data that meets the set-up times is latched. Data appears 


Vo. = 0.5V (max) at lo, = 20mMA 
Three-state outputs interface directly with bus organized 


systems on the bus when the output enable, OE, is LOW. When OE is 
e Hysteresis on latch enable input for improved noise mar- HIGH the bus output is in the high-impedance state. 
gin 


Am25S373 and Am25S$533 versions are also available of- 
= 0.5V (max) at Io. = 32mA. 


@ High speed — Clock to output 12ns typical 
@ 100% product assurance screening to MIL-STD-883 
requirements 


fering Vor 


LOGIC DIAGRAM 


LATCH 
ENABLE © >o 


Outputs Yp through Y7 are inverted on the Am54S/74S533. 
MPR-360 


CONNECTION DIAGRAM 
Top View 


Dy Dz Dy Os 


16 15 


Am54S/74S373 


Y2 Y3 Y4 Y5 


Vec = Pin 20 
GND = Pin 10 


Note: Pin 1 is marked for orientation. 


MPR-361 MPR-362 
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Am54S/74S374 « Am54S/74S534 


8-Bit Registers with Three-State Outputs 


DISTINCTIVE CHARACTERISTICS FUNCTIONAL DESCRIPTION 


The Am54/74S374 and Am54S/74S534 are eight-bit regis- 


@ Eight-bit, high speed parallel registers 

@ Am54S/74S374 has non-inverting outputs ters built using high speed Schottky technology. The re- 

@ Am54S/74S534 has inverting outputs gisters consist of eight D-type flip-flops with a buffered 

@ Positive, edge-triggered, D-type flip-flops common clock and a buffered three-state output control. 

e Buffered common clock and buffered common three- When the output enable (OE) input is LOW, the eight out- 
state control puts are enabled. When the OE input is HIGH, the out- 

@ Vo. = 0.5V (max) at lo, = 20MA puts are in the three-state condition. 

e High speed — Clock to output 11ns typical Input data meeting the set-up and hold time requirements 


100% product assurance screening to MIL-STD-883 


; of the D inputs is transferred to the Y outputs on the 
requirements 


LOW-to-HIGH transition of the clock input. 


The devices are packaged in a space-saving (0.3-inch row 
spacing) 20-pin package. 


Am25S374 and Am25S534 versions are also available of- 
fering Vo, = 0.5V (max) at Io, = 32mA. 


OE 
OUTPUT 
ENABLE 


Outputs Yo through Y; are inverted on the Am54/74S534. 
MPR-363 


CONNECTION DIAGRAM LOGIC SYMBOL 


Top View 


Dg Ye Y5 


Da 


Ds 


17 14 13 


16 15 


Da 


Dy D3 Ds 


Am54S/74S374 Am54S/74S374 


1 
E 
OE 


Vcc = Pin 20 
GND = Pin 10 


Note: Pin 1 is marked for orientation. 


MPR-364 MPR-365 
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Am54S/74S378 «Am54S/74S379 


Hex/Quad Parallel D Registers With Register Enable 


Distinctive Characteristics @ Positive edge triggered D flip-flops 
@ 4-bit and 6-bit high-speed parallel registers @ 100% reliability assurance testing in compliance with 
® Common clock and common enable MIL-STD-883. 


FUNCTIONAL DESCRIPTION LOGIC SYMBOLS 

The Am54S/74S378 is a 6-bit, high-speed Schottky register 

with a buffered common register enable. The Am54S/74S379 Am54S/74S378 Am54S/74S379 
is a 4-bit register with a buffered common register enable. 
The devices are similar to the Am54S/74S174 and Am54S/ 
74S175 but feature the common register enable rather than 
common clear. 


O 
E Do Dy D2 03 D4 


Both registers will find application in digital systems where 6-BIT REGISTER 
information is associated with a logic gating signal. When ae Nines te a 
the enable is LOW, data on the D inputs is stored in the } 
register on the positive going edge of the clock pulse. When Bo WES Ugh Ge saa 
the enable is HIGH, the register will not change state regard- 
less of the clock or data input transitions. Vcc = Pin 16 

GND = Pin 8 


LOGIC DIAGRAMS 


Am54S/74S378 


CONNECTION DIAGRAMS 
Top Views 


Am54S/74S378 Am54S/74S379 


Veo [% D5 4 % D3 3 OP Nec. Og. Og. 203), Og” O70. CP 


Note: Pin 1 is marked for orientation. 
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Am54S/74S378 e Am54S/74S379 
MAXIMUM RATINGS (Above which the usefu! life may be impaired) 


Storage Temperature —65°C to +150°C 
Temperature (Ambient) Under Bias —55°C to +125°C 
Supply Voltage to Ground Potential (Pin 16 to Pin 8) Continuous —0.5V to+7V 
DC Voltage Applied to Outputs for HIGH Output State —0.5V to +Vcc max. 
DC Input Voltage —0.5V to +5.5V 
DC Output Current, Into Outputs 30mA 
DC Input Current —30mA to +5.0mMA 


a 


ELECTRICAL CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (Unless Otherwise Noted) 


SN74S378, SN74S379 Ta =O0°Cto+70°C Vec = 5.0V +5% (COM’L) MIN. = 4.75 V MAX, = 5.25V 
SN54S378, SN54S379 Tp = -55°C to +125°C Vcc = 5.0V £10% (MIL) MIN. = 4.5V MAX. = 5.5V 
Parameters Description Test Conditions (Note 1) Min. Typ. (Note 2) Max. Units 


Voc = MIN., lon = —1mMA | COM'L 


Vin = Vin or VIL 


Vcc =MIN., | =? 
Output LOW Voltage cc OL = 20mA 


VIN = Vin or VIL 


Guaranteed input logical HIGH 
voltage for all inputs 


Guaranteed input logical LOW 
voltage for all inputs 


Input HIGH Level 


Notes: 1. For conditions shown as MIN. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type. 
. Typical limits are at Vcc = 5.0V, 25°C ambient and maximum loading. 

Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 

Outputs open; enable grounded; data inputs at 4.5V, measured after a momentary ground, then 4.5V applied to the clock input. 


BON 


Switching Characteristics (Ta = +25°C) 


Parameters Description Test Conditions Min. Typ. Max. Units 


Clock to Output 
Clock Pulse Width 


Voc =5.0V, CL = 15 pF, Ry = 2802 
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Am54S/74S388 


Quad D Register With Standard And Three-State Outputs 


Distinctive Characteristics 
@ Four three-state outputs 


@ Advanced Schottky technology @ 75 MHz clock frequency 
@ Four D-type flip-flops @ 100% reliability assurance testing in compliance with 
@ Four standard totem-pole outputs MIL-STD-883 


FUNCTIONAL DESCRIPTION LOGIC SYMBOL 


The Am54S/74S388 consists of four D-type flip-flops with a 
buffered common clock. Information meeting the set-up and 
hold requirements on the D inputs is transferred to the Q 
outputs on the LOW-to-HIGH transition of the clock. 


The same data as on the OQ outputs is enabled at the three- 
state Y outputs when the “output control” (OE) input is LOW. 
When the OE input is HIGH, the Y ouptuts are in the high- 
impedance state. 


The Am54S/74S388 is a 4-bit, high-speed Schottky register 
intended for use in real-time signal processing systems 
where the standard outputs are used in a recursive algorithm 
and the three state outputs provide access to a data bus to 
dump the results after a number of iterations. 


The device can also be used as an address register or status 
register in computers or computer peripherals. 


Likewise, the Am54S/74S388 is also useful in certain display 

applications where the standard outputs can be decoded to 

drive LED’s (or equivalent) and the three-state outputs are 

bus organized for occasional interrogation of the data as 

displayed. 
Vec = Pin 16 
GND = Pin 8 


LOGIC DIAGRAM CONNECTION DIAGRAM 
Top View 


; STANDARD 
OUTPUTS 


THREE-STATE 
OUTPUTS 


CLOCK 


OUTPUT 7== ae : : , : 
contro. OF Note: Pin 1 is marked for orientation. 
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Am54S/74S388 
MAXIMUM RATINGS (Above which the useful life may be impaired) 


Storage Temperature | —65°C to +150°C 


Temperature (Ambient) Under Bias —55°C to +125°C 
Supply Voltage to Ground Potential (Pin 16 to Pin 8) Continuous —0.5V to +7V 
DC Voltage Applied to Outputs for HIGH Output State —0.5V to +Vcc max. 


DC Input Voltage —0.5V to +5.5V 
DC Output Current, Into Outputs 30mA 
DC {Input Current —30mA to +5.0mA 


ELECTRICAL CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (Unless Otherwise Noted) 


SN74S388 Ta =O°C to +70°C Vcc = 5.0V + 5% (COM'L) MIN. = 4.75V MAX. = 5.25V 
SN54S388 Ta = —55°C to +125°C Vec = 5.0V + 10% (MIL) MIN. = 4.5V MAX. = 5.5V T 
yp. 
Parameters Description Test Conditions (Note 1) (Note 2) Max. Units 


3.4 


Q | =—ImA 
ca COM'L 
COM'L, IoH = —6.5mA 


Vcc = MIN., lot = 20mA 
VIN = VIH or Vib 
Guaranteed input logical HIGH 
voltage for all inputs 
Guaranteed input logical LOW 
voltage for all inputs 


Input Clamp Voltage Vcc = MIN., liyy = —18MA 


| aes 
Input LOW Current Vcc = MAX., Vin = 0.5V m= 


{ e°) 
BSS 


Vec =MIN., 
VIN = Vin or Vit 


3.2 


Input HIGH Current 


bw 
t tb 
Oo 
a 
i= 
> 


Vcc = MAX., Vin = 2.7V -_ 


Min. 
27 
2.4 
2.4 
2.0 
TF Input HIGH Current Vcc = MAX., Vin = 5.5V | 
—40 


, 
> 


Vo = 2.4V 
Y Output Off-State Vcc = MAX. 
Leakage Current Vo = 0.4V 


Output Short Circuit Current Vcc = MAX. 
(Note 3) 


| 00 | om 
Icc Power Supply Current Vec = MAX. (Note 4) hee 


. For conditions shown as MIN, or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type. 
. Typical limits are at Voc = 5.0V, Ta = 25°C ambient and maximum loading. 


1 
2 
3. Not more than one output should be shorted at a time. Duration of the short circuit test shoud not exceed one second, 
4 
5 


| 
" : 
= 


- loc is measured with all inputs at 4.5V and all outputs open. 
. Measured on Q outputs with Y outputs open. Measured on Y outputs with Q outputs open. 
Switching Characteristics (Ta = +25°C, Vcc = 5.0V, RL. = 28022) 


Parameters Description Test Conditions Min. Typ. Max. Units 


Clock to QO Output 


(OE LOW) 


Output Contro! to Output 


Maximum Clock Frequency 


Am54S/74S399 


Quad Two-input, High-Speed Register 


Distinctive Characteristics 


@ Four-bit register accepts data from one of two 4-bit 
input fields 
@ Edge triggered clock action 


FUNCTIONAL DESCRIPTION 


The Am54S/74S399 is a dual port high-speed, four-bit regis- 
ter using advanced Schottky technology to reduce the effect 
of transistor storage time. The register consists of four D 
flip-flops with a buffered common clock, and a two-input 
multiplexer at the input of each flip-flop. A common select 
line, S, controls the four multiplexers. Data on the four inputs 
selected by the S line is stored in the four flip-flops at the 
clock LOW-to-HIGH transition. When the S input is LOW, the 
Dj, input data will be stored in the register. When the S input 
is HIGH, the D;g input data will be stored in the register. 


@ High-speed Schottky technology 
@ 100% reliability assurance testing in compliance with 


MIL-STD-883 


LOGIC SYMBOL 


Doa Dog 014A Dip D2q D2B 034A 038 
S 


Vcc = Pin 16 
GND = Pin 8 


LOGIC DIAGRAM 


CONNECTION DIAGRAM 
Top View 


Note: Pin 1 is marked for orientation. 
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Am54S/74S399 
MAXIMUM RATINGS (Above which the usefu! life may be impaired) 


Storage Temperature —65°C to +150°C 
Temperature (Ambient) Under Bias —55°C to +125°C 
Supply Voltage to Ground Potential (Pin 16 to Pin 8) Continuous . —0.5Vto+7V 
DC Voltage Applied to Outputs for High Output State —0.5V to +Vec max. 
DC Input Voltage —0.5V to +5.5V 
DC Output Current, Into Outputs 30 mA 
DC Input Current —30 mA to +5.0 mA 


ELECTRICAL CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless Otherwise Noted) 


SN74S399 Ta =0°C to+70°C Vcc = 5.0V +5% (COM'L) MIN. = 4.75V MAX, = 5.25V 
SN54S399 Ta = —55°C to +125°C Vcc = 5.0V + 10% (MIL) MIN. = 4.5V MAX, = 5.5V 
Parameters Description Test Conditions (Note 1) Min. Typ.(Note 2) Max. Units 


Output HIGH Voltage 


Output LOW Voltage 


Unit Load. 
Input LOW Current 


Unit Load 
Input HIGH Current 


Vcc = MAX., Vin = 0.5V 


Vcc = MAX., Vin = 2.7V 


Input HIGH Current Vcc = MAX., Ving = 5.5V 


Output Short Circuit Current = 
V = MAX. 
(Note 3) 
Power Supply Current Vcc = MAX. (Note 4) 


Notes: 1. For conditions shown as MIN. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type. 
2. Typical limits are at Vcc = 5.0V, 25°C ambient and maximum loading. 
3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 
4. Measured with Select and Clock inputs at 4.5V; all data inputs at OV; all outputs open. 


Switching Characteristics (Ta = +25°C) 
Parameters Description Test Conditions Min. Typ. Max. Units 


Ty | Bete Seapine 
P| Sete nu St Tine 


Vec = 5.0V, Cy = 15pF, Ry = 2802 


Data Hold Time 
Select Input Hold Time 
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Am54S/743S412 


Eight-Bit Input/Output Port 


The 54S/74S412 is Texas Instruments’ second 
source part number to the AMD/Intel 8212 
device. 


See the Am8212 data sheet for full 
information. 
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Am3212°-Am8212 


Eight-Bit Input/Output Port 


Distinctive Characteristics @ Available for operation over both commercial and 
@ Fully parallel, 8-bit data register and buffer replacing military temperature ranges. 


latches, multiplexers and buffers needed in micro- @ Advanced Schottky processing with 100% reliability 


ee systems: } assurance testing in compliance with MIL-STD-883. 
@ 4.0V output high voltage for direct interface to MOS 


microprocessors, such as the Am9080A family. 
@ Input load current 250uA max. @ Three-state outputs sink 15mA 


@ Reduces system package count @ Asynchronous register clear with clock over-ride 


@ Service request flip-flop for interrupt generation 


CONNECTION DIAGRAM . 
Top View 


FUNCTIONAL DESCRIPTION 


All of the principal peripheral and input/output functions 
of a Microcomputer System can be implemented with the 
Am3212 @ Am8212. The Am3212 @ Am8212 input/output 
port consists of an 8-latch with 3-state output buffers along 
with control and device selection logic, which can be used to 
implement latches, gated buffers or multiplexers. 


LOGIC DIAGRAM 


SERVICE 
REQUEST FF 


55, Lo 
et | 
DS q ji 
DEVICE S 
SELECTION D Q 
SR 
23 — 
= 
ACTIVE LOW 


Am3212 
Am8212 


4 z= 
o is) 
it 
m 
2 
es) 
ce 
nN 
no 
me) 
Me 
aw 
25 


Q 


| 


DI D 
: i Note: Pin 1 is marked for orientation. 


DATA LATCHES —— 


o 
Oo (2) 
Oy» 
Oo 
fo) 
lw) 
(e) 
Nn 


Diy 


PIN DEFINITION 


DO;—D0Og DATA OUT 
B 
LR 


“I 
jo) Qa 
Og 2 
fee) 
Go 
(o) 
Ww 


Dig 


© 
Oo oO 
Cy 
3 
1] 
(e) 
£ 


ORDERING INFORMATION 


® 
Oo a 
6 F 
a 
oO 
O 
a 


+ 


Dig 


=) 

o o 
Ola 
tee 
i 
rer 


Dig DOg 


1 
iw) oO 
Og 20 
aes 
i 


Package Temperature Order 
20 Type Range Number 
DO, RR 
| ale ni | Hermetic DIP —55°C to +125°C = AM8212DM 
° Hermetic DIP O0°C to +70°C D8212 
oi, 22 (Ene Molded DIP O°C to +70°C P8212 
Ee ug : Dice O°C to +70°C AM8212XC 
Reser Cr | Hermetic DIP O°C to +70°C D3212 
Ss Ns DSc | Hermetic DIP —55°C to +125°C MD3212 
ACTIVE LOW ——— —— Molded DIP O0°C to +70°C P3212 


4-123 


FUNCTIONAL DESCRIPTION (Cont'd) 


Data Latch 


The 8 flip-flops that make up the data latch are of a ‘’‘D” type 
design. The output (Q) of the flip-flop will follow the data 
input (D) while the clock input (C) is high. Latching will occur 
when the clock (C) returns low. 


The data latch is cleared by an asynchronous reset input 
(CLR). (Note: Clock (C) Overrides Reset (CLR)). 


Output Buffer 


The outputs of the data latch (Q) are connected to 3-state, 
non-inverting output buffers. These buffers have a common 
contro! line (EN); this control line either enables the buffer 
to transmit the data from the outputs of the data latch (Q) 
or disables the buffer, forcing the output into a high im- 
pedance state. (3-state). This high-impedance state allows the 
Am3212 @ Am8212 to be connected directly onto the micro- 
processor bi-directional data bus. 


Control Logic 


The Am3212 @ Am8212 has control inputs DS;, DSz, MD 
And STB. These inputs are used to control device selection, 
data latching, output buffer state and service request flip-flop. 


DS,, DS» (Device Select) 


These 2 inputs are used for device selection. When DS, is low 
and DS» is high (DS; - DS2) the device is selected. In the 
selected state the output buffer is enabled and the service 
request flip-flop (SR) is asynchronously set. 


Am3212 ¢ Am8212 


MD (Mode) 


This input is used to control the state of the output buffer and 
to determine the source of the clock input (C) to the data 
latch. 


When MD is high (output mode) the output buffers are en- 
abled and the source of clock (C) to the data latch is from the 
device selection logic (DS, - DS9). 


When MD is low (input mode) the output buffer state is 
determined by the device selection logic (DS, - DS) and the 
source of clock (C) to the data latch is the STB (Strobe) input. 


STB (Strobe) 


This input is used as the clock (C) to the data latch for the 
input mode MD = 0) and to synchronously reset the service 
request flip-flop (SR). 


Note that the SR flip-flop is negative edge triggered. 


Service Request Flip-Flop 


The SR flip-flop is used to generate and contro! interrupts 
ii microcomputer systems. It is asynchronously set by the 
CLR input (active low). When the (SR) flip-flop is set it is in 
the non-interrupting state. 


The output of the (SR) flip-flop (Q) is connected to an in- 
verting input of a “NOR” gate. The other input to the “NOR” 
gate is non-inverting and is connected to the device selection 
logic (DS, - DS). The output of the “NOR” gate (INT) is 
active low (interrupting state) for connection to active low 
input priority generating circuits. 


TRUTH TABLE 


CLR — Resets Data Latch 
— Sets SR Flip-Flop (no effect on Output Buffer) 
*tnternal SR Flip-Flop 


Data Out Equals 
ToL Tieesate 
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Am3212 e Am8212 
MAXIMUM RATINGS (Above which the useful life may be impaired) 


Storage Temperature —65°C to +150°C 
Temperature (Ambient) Under Bias —55°C to +125°C 
Supply Voltage —0.5V to +7.0V 
Output Voltage . 7 | —0.5V to +7.0V 
Input Voltages —1.0V to +5.5V 


Output Current (Each Output) 125mA 
OMA 


ELECTRICAL CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (Unless Otherwise Noted) 


P8212, D8212, P3212, D3212 (COM'L) Ta = 0°C to +70°C Vcc = 5.0V + 5% 

Am8212DM, MD3212 (MIL) Ta = —55°C to +125°C Vcc = 5.0V + 10% 

DC CHARACTERISTICS Typ 

Parameters Description Test Conditions Min. (Note 1) Max. Units 


Input Load Current 
Ve = 0.45V 
ACK, DSo, CR, Dlq — Dlg Inputs F 


Input Load Current MD Input Ve =0.45V 


Input Load Current DSq Input Ve =0.45V 


Input Leakage Current 
Vr = 5.25V 
ACK, DS, CR, Dlq — Dig Inputs i 222° 


Input Leakage Current MO Input VR = 5.25V 
Input Leakage Current DSq Input VR = 5.25V 


COM'L 
Input Forward Voltage Clamp Ic = —5.0mA 
| LOW Vol on 
t oltage 
oe . 


Output LOW Voltage — 


Output HIGH Voltage 
Short Circuit Output Current 


Output Leakage Current 
High Impedance 


ik 
ro) 


ie) ‘ 
—_ 
on} o 


N 
co) 
= 

> 


AC CHARACTERISTICS (Note 3) Typ. 


Parameters Description Min. (Note 1) Max. Units 


| tpd Data to Output Delay 
Write Enable to Output Delay 
Data Set-up Time 


th Data Hold Time 
t, Reset to Output Delay 


ot 
se) 
2 
= ro) 
oO oS 


—_ 
oi 
or] & | & 
oi}; or]; © 


N 
© 


: 
ol 


pts Set to Output Delay 
| te Output Enable/Disable Time 
Peete. = Clear to Output Delay 


CAPACITANCE (Note 4) 


F= 1.0MHz, Ve)as = 2.5V, Voc = +5.0V, Ta = 25°C 


Parameters Description Typ. Max. Units "ee 
Cin DS, CK, ACK, DI;—Dig | 90 pe ae 
Input Capacitance TOD.UT. 
DO, —DOg Output Capacitance 6365 aes 
Notes: 1. Typical limits are at Vcc = 5.0V, 25°C ambient and maximum loading. il 


2. CLR =STB=HIGH:; DS; = DSz = MD = LOW; all data inputs are gound, all data outputs are open. 

3. Conditions of Test: a) Input pulse amplitude = 2.5V 
b) Input rise and fall times 5.0ns *tncluding Jig and Probe 
c) Between 1.0V and 2.0V measurements made at 1.5V with 15mA and SOpF Test Load. Capacitance. 

4. This parameter is sampled and not 100% tested. 


TEST LOAD (15mA and 30pF) 
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Am3212 ¢ Am8212 


TIMING DIAGRAM 


DATA 1.5V 


ae nee en pees 


STB or DS; ¢ DS5 1.5V 1.5V 


rc 
OUTPUT 1.5V - 


STB or DS; * DSo 1.5V 


OUTPUT 1.5V x 


Note: Alternative Test Load. 


Vcc 
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Am3212 e Am8212 


TYPICAL CHARACTERISTICS 


Input Current Versus | Output Current Versus Output Current Versus 
Input Voltage Output LOW Voltage Output HIGH Voltage 


| 

— 
co) 
=) 


| 
N 
j=) 
j=) 


INPUT CURRENT — pA 
| 
a 
jo) 


OUTPUT CURRENT — mA 
OUTPUT CURRENT —~ mA 


| | 
Ww N 
co) qi 
=) =) 


| 
ro) 


—-2  -1 0.4 0.6 0.8 9) 1.0 2.0 3.0 4.0 5.0 


INPUT VOLTAGE — VOLTS OUTPUT LOW VOLTAGE — VOLTS OUTPUT HIGH VOLTAGE ~ VOLTS 


Data to Output Delay Data to Output Delay Write Enable to Output Delay 
Versus Load Capacitance Versus Temperature Versus Temperature 


40 
nn n > 
Cc c 
| ct 35 
> Ww 
2 < 0 
tu uu =) 
[a) a = 
5 5 5 
a a e) 25 
FE E e) 
pe) =) - 
oO Le} Ww 
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a bt aa) 
< < = 
be EK 
<x << 7 15 
Qa Q - 
= 10 
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LOAD CAPACITANCE — pF TEMPERATURE — °C TEMPERATURE — °C 


LOGIC SYMBOLS 


INPUT DEVICE OUTPUT DEVICE 


Detailed 


Am3212 
Am8212 


Am3212 
Am8212 


OUTPUT 
FLAG 


Symbolic 


SYSTEM 
OUTPUT 


Am3212 
Am8212 


SYSTEM 
INPUT 


Am3212 
Am8212 


DATA BUS DATA BUS 
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Am3212 ¢ Am8212 


TYPICAL APPLICATIONS OF THE Am8212 


GATED BUFFER (3-STATE) Vec 


By tying the mode signal low and the strobe input high, the 
data latch is acting as a straight through gate. The output 
buffers are then enabled from the device selection logic DS, 
and DS>. 


When the device selection logic is false, the outputs are 3-state. 


OUTPUT 
DATA 
(15mA) 
(3.65V MIN.) 


INPUT 
DATA 
(250uA) 


Am3212 
Am8212 


When the device selection logic is true, the input data from the 
system is directly transferred to the output. 


GATING 
CONTROL 
(DS;—DS>) 


Bi-Directional Bus Driver Vee 


Two Am3212 @ Am8212’s wired back-to back can be used as 
a symmetrical drive, bi-directional bus driver. The devices are 
controlled by the data bus input control which is connected 
to DS1 on the first Am3212 @ Am8212 and to DS2 on the 
second. While one device is active, and acting as a straight 
through buffer the other is in its 3-state mode. 


DATA 
BUS 


Am3212 
Am8212 


CLR 
O) 


DATA BUS 


CONTROL 
STB 

Am3212 

Am8212 
Interrupting Input Port ete nae Baciens 
The Am3212 @ Am8212 accepts a strobe from the system 
input source, which in turn clears the service request flip-flop 
and interrupts the processor. The processor then goes through 
a service routine, identifies the port, and causes the device 

Sy ney Am3212 


selection logic to go true — enabling the system input data INPUT AmB212 
onto the data bus. 


SYSTEM 
RESET 
TO PRIORITY CKT 
PORT (ACTIVE LOW) 
SELECTION 
(DS; —DS>) TO CPU 


INTERRUPT INPUT 
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Am3212 e Am8212 


TYPICAL APPLICATIONS OF THE Am8212 (Cont'd) 


Interrupt Instruction Port 


The Am3212 @ Am8212 can be used to gate the interrupt 
instruction, normally RESTART instructions, onto the data 
bus. The device is enabled from the interrupt acknowledge 
signal from the microprocessor and from a port selection Sig- 
nal. This signal is normally tied to ground. (DS 1 could be 
used to multiplex a variety of interrupt instruction ports onto 
a common bus). 


Voc 


DATA BUS 


Cc 
ST 


RESTART 
INSTRUCTION 
(RST O— RST 7) 


Am3212 
Am8212 


“PORT 
SELECTION (DS) 


INTERRUPT 
ACKNOWLEDGE ———* 


Output Port (With Hand-Shaking) 


The Am3212 © Am8212 is used to transmit data from the 
data bus to a system output. The output strobe could be a 
hand-shaking signal such as “reception of data’ from the de- 
vice that the system is outputting to. It in turn, can interrupt 
the system signifying the reception of date. The selection of 
the port comes from the device selection logic. (DS7 - DS9). 


——— 


DATA BUS OUTPUT STROBE 


Am3212 


SYSTEM OUTPUT 
Am8212 


O 
—— 
PORT SELECTION 
— (LATCH CONTROL) 
SYSTEM (BS, —DS>) 


INTERRUPT ——— 


Am9080A Status Latch 


The input to the Am3212 @ Am8212 latch comes directly 
from the Am9080A data bus. Timing shows that when 
the SYNC signal is true (DS, input), and @1 is true, 


_ 
Oo 


| 


Am9080A 


12V 


OV 
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& DRIVER 


————— 
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3 
INTA 
Wo 
STACK 
HLTA 
Am3212 
Am8212 OUT 
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ae 2 91 | 


(DS1 input) then the status data will be latched into the 
Am3212 @ Am8212. The mode signal is tied high so that 
the output on the latch is active and evabled all the time. 


_ 

Do 
——— 

Dy 
—_——_—_—_—_ 

Do 
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D3 
—_———_ 
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Am8T26 


Schottky Three-State Quad Bus Driver/Receiver 


Distinctive Characteristics 


e Advanced Schottky technology @ 20ns max. driver propagation delay 

@ 40mA driver sink current @ 18ns max. receiver propagation delay 

@ Three-state outputs on driver and receiver @ 100% reliability assurance testing in compliance with 
@ PNP inputs MIL-STD-883 


FUNCTIONAL DESCRIPTION LOGIC SYMBOL 


The Am8T26 is a high speed bus transceiver consisting of 
four bus drivers with three-state outputs and four bus 
receivers, also with three-state outputs. Each driver output 
is internally connected to a receiver input. Both the drivers 
and receivers have PNP inputs. 


One buffered common “bus enable” input is connected to 
the four drivers and another buffered common “receiver 
enable” input is connected to the receivers. A LOW on the 
bus enable (B/E) input forces the four driver outputs to the 
high-impedance state. A HIGH on the bus enable allows 
input data to be transferred onto the data bus. 


A HIGH on the receiver enable (R/E) input forces the four 
receiver outputs to the high-impedance state while a LOW 
on the receiver enable input allows the received data to be 
transferred to the output. The complementary design of the 
bus enable and receiver enable inputs allows these control 
inputs to be connected together externally such that a single 
transmit/receive function is derived. 


Vcc = Pin 16 
GND = Pin8 


LOGIC DIAGRAM 


Dy 


CONNECTION DIAGRAM 
Top View 


ORDERING INFORMATION 


Package Temperature Order Ro 


Type Range Number 


Oy see ee Bee ee 
Molded DIP 0°C to +75°C N8T26B 
Hermetic DIP O°C to +75°C N8T26F 

Dice 0°C to +75°C AM8T26XC 
Hermetic DIP —55°C to +125°C S8T26F 


Dice —55°C to +125 °C AM8T26XM 


Note: Pin 1 is marked for orientation. 
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Am8T26 


MAXIMUM RATINGS (Above which the useful life may be impaired) 
NN 


Storage Temperature | —65°C to +150°C 
Temperature (Ambient) Under Bias : | —55°C to +125°C 
Supply Voltage to Ground Potential (Pin 16 to Pin 8) Continuous —0.5V to +7V 
DC Voltage Applied to Outputs for HIGH Output State —0.5V to +Vcc max. 


Ee Ee NG 
) —0.5V to +5.5V 


DC Input Voltage 
DC Output Current, Into Outputs 30mMA 


ge Tc ee TE La 
—30mA to +5.0mA 


DC Input Current 


———— OT 


ELECTRICAL CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless Otherwise Noted) 


°o fe) 
= + 
ee URS ore a2 Voc = 5.0V +5% MIN. = 4.75V MAX. = 5.25V 
S8T26 Ta = —55°C to +125°C 
Typ. , 
Parameters Description Test Conditions (Note 1) (Note 2) Max. Units 


Min. 
? Vcc = MIN., loy = —10mA 
VOH Driver Output HIGH Voltage Vin ior vi: 2.6 
Voc = MIN., lop = 40mA 
V 
OL Driver Output LOW Voltage Vin = Vin or Vi. 
: Vcc = MIN., loy = —2mA 
V HIGH Vol 
OH Receiver Output HIGH Voltage Vin Vigorvic 2.6 
: Vcc = MIN., lop = —16mA 
V 
OL Receiver Output LOW Voltage Vin = Vin or Vip 
Vin Input HIGH Level Guaranteed input logical HIGH 2.0 
voltage for all inputs 
ViL laparLow bevel Guaranteed input logical LOW 
voltage for all inputs 
Input Clamp Voltage 


Input LOW Current Vcc = MAX., Vin = 0.4V ow 


Output Short Circuit Current ‘ -o.ov | Driver | -so [| 


fe 
Icc Power Supply Current Vcc = MAX. ee ia 


Bus Leakage Current with Vcc = MAX., Vagus = 2.6V 
Driver Off VIN = Vin OF Vib 


Notes: 1. For conditions shown as MIN. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type. 
2. Typical limits are at Vcc = 5.0V, 25°C ambient and maximum loading. 
3. Actual input currents = Unit Load Current x Input Load Factor (See Loading Rules). 
4. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 


a 
= —— 
< 
2) 
QO 
HW 
= 
= 
2 
Hl 
| 
o 
a 
> 


(Note 3) 


Ff 


(Note 3) Input HIGH Current 


Switching Characteristics (Tq = +25°C, V¢c = 5.0V) 


Parameters Description Test Conditions 


Min. 
= 
Driver Input to Bus Figure 1 
lee ata 
Bus to Receiver Output Figure 2 
rae] eenemowoe | ram? 


Driver Enable to Bus Figure 3 
ZL Receiver Enable to 


Receiver Output 


ae ee 
Figure 4 
| we fo 
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Am8T26 


DEFINITION OF FUNCTIONAL TERMS LOADING RULES (In Unit Loads) 
Do, D1,D2,D3 The four driver inputs. 


Bo. B1, Bz, B3 The four driver outputs and receiver inputs LOW Fan-out 

ae is ariel : ; Input Output Output 
; Input/Output Pin No.’s Unit Load HIGH LOW 

Ro, Ri, R2,R3 The four receiver outputs. Data from the Rr 


bus is inverted while data from the driver inputs is non- 
inverted. 

B/E Bus enable input. When the bus enable input is LOW, Bo 
the four driver outputs are in the high-impedance state. Do 
R/E Receiver enable input. When the receiver enable input R4 
is HIGH, the four receiver outputs are in the high-impedance By 
state, 


Ro 


Dy 


2 
3 
4 
5 
6 
7 
8 
9 


D2 
B2 


A TTL Unit Load is defined as —1.6mA measured at 0.4V LOW 
and 40uA measured at 2.4V HIGH. 


DRIVER FUNCTION TABLE RECEIVER FUNCTION TABLE 


INPUTS OUTPUT 


L Xx Z 
H L H 
H H L 


L = LOW X = Don’t Care L = LOW X = Don’t Care 
H = HIGH Z = High Impedance H = HIGH Z = High Impedance 
i=0,1,2,or3 i=0,1,2,or3 


INPUT/OUTPUT CURRENT INTERFACE CONDITIONS 


BUS DRIVER RECEIVER 
OUTPUT OUTPUT ALL INPUTS 
Vcc 
122 702 5kQ 
NOM. NOM. NOM. 
'OH We 


OL NH 


| | 
| | 
| a 
| | 
| Y | 
| | 
| | 
| | 
| | 
| | 


Note: Actual current flow direction shown. 
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Am8T26 


AC TEST CIRCUITS AND WAVEFORMS 


PROPAGATION DELAY (Data In to Bus) 


2.6V 


3022 INPUT 1.5V 1.5V 


spall ~ ail ‘PLH 


aap cent OUTPUT 1.5V 1.5V 
PULSE 


GENERATOR 


INPUT PULSE: 

= t, = ty = Sns (10% to 90%) 
freq = 10MHz (50% duty cycle) 
Amplitude = 2.6V 


Figure 1 


PROPAGATION DELAY (Bus to Receiver Out) 


INPUT 1.5V 1.5V 


PULSE 
GENERATOR 2.6V tpHL i: teLy 


922 OUTPUT \ 1.5V # 1,5V 


INPUT PULSE: 

t, = t, = Sns (10% to 90%) 
30pF 1.3kQ freq = 10MHz (50% duty cycle) 

Amplitude = 2.6V 


Figure 2 


PROPAGATION DELAY (Bus Enable to Bus Output) 


INPUT f 1.5V \ 1.5V 
'2L ae a nee 
OUTPUT 1.5V 
10% 


INPUT PULSE: 

t, = ty = Sns (10% to 90%) 
freq = 5MHz (50% duty cycle) 
Amplitude = 2.6V 


PULSE 
GENERATOR 


(PROBE) 


Figure 3 


PROPAGATION DELAY. (Receive Enable to Receive Output) 


INPUT 1.5V 1.5V 


PULSE . ae re = Poe 


GENERATOR 


INPUT PULSE 

t, = ty = Sms (10% to 90%) 
freq = 5MHz (50% duty cycle) 
Amplitude = 2.6V 


Figure 4 
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Am8T26 


APPLICATION 


—-——— | 48IT BUS 
TO OTHER 
———— | Am8T26's 


H = TRANSMIT H = TRANSMIT 
L = RECEIVE L = RECEIVE 


Metallization and Pad Layout 


DIE SIZE 0.063" X 0.082” 
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Am8T26A:Am8T28 


Schottky Three-State Quad Bus Driver/Receiver 


Distinctive Characteristics 


® Advanced Schottky technology @ Driver propagation delay — 14ns max. for 8T26A: 
@ 48mA driver sink current 17ns max. for 8T28 

@ Three-state outputs on driver and reciever. @ Receiver propagation delay — 14ns max. for 8T26A; 
@ PNP inputs 17ns max. for 8T28 

@ Am8T26A has inverting outputs @ 100% reliability assurance testing in compliance with 
® Am8T28 has non-inverting outputs MiIL-STD-883 


FUNCTIONAL DESCRIPTION 


The Am8T26A/Am8T28 are high speed bus transceivers 
consisting of four bus drivers with three-state outputs and 
four bus receivers, also with three-state outputs. Each driver 
output is internally connected to a receiver input. Both the 
drivers and receivers have PNP inputs. 


LOGIC SYMBOL 


Dy D2 


One buffered common “‘bus enable” input is connected to 
the four drivers and another buffered common “receiver 
enable”’ input is connected to the receivers. A LOW on the 
bus enable (B/E) input forces the four driver outputs to the 
high-impedance state. A HIGH on the bus enable allows 
input data to be transferred onto the data bus. 


Am8T26A 


A HIGH on the receiver enable (R/E) input forces the four 
receiver outputs to the high-impedance state while a LOW 
on the receiver enable input allows the received data 
transferred to the output. The complementary d: 
bus enable and receiver enable inputs allo 
inputs to be connected together externally su 
_transmit/receive function is derived. 


Am8T28 
on-Inverting Output (Three-State) 


Am8T26A 
inverting Output (Three-State) 


D2 Dg D, Do D3 


ORDERING INFORMATION CONNECTION DIAGRAM 


(Top View) 


Am8T26A Am8T28 


Package Temperature Order Order 
Type Range Number Number 


Molded DIP O°C to +75°C N8T26AB N8T28B 


Hermetic DIP O°C to +75°C N8T26AF N8T28F 
Dice O°C to +75°C ~=AMB8T26AXC AM8T28XC 
Hermetic DIP —55°C to +125°C  S8T26AF S8T28F Be cane 
Dice —55°C to +125°C AM8T26AXM AM8T28XM 


Note: Pin 1 is marked for orientation. 
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Am8T26A e Am8T28 
MAXIMUM RATINGS (Above which the useful life may be impaired) 


Storage Temperature —65°C to +150°C 
Temperature (Ambient) Under Bias —55°C to +125°C 
Supply Voltage to Ground Potential (Pin 16 to Pin 8) Continuous —0.5V to +7V 
DC Voltage Applied to Outputs for HIGH Output State —0.5V to +Vcc max. 
DC Input Voltage | —0.5V to +5.5V 
DC Output Current, Into Outputs (Receiver) 30mMA 
DC Output Current, Into Outputs (BUS) 80mMA 
DC Input Current = —30mA to +5.0mA 


ELECTRICAL CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE 
The Following Conditions Apply Unless Otherwise Noted: 

N8T26A, N8T28 Ty =O0°C to +75°C(COM’L) MIN. =4.75V MAX. = 5.25V 

S8T26A, S8T28 Ta =—55°C to +125 C(MIL) MIN. =4.50V MAX. = 5.50V 


DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE fin: 


Parameters Description Test Conditions (Note 1) Min. (Note 2) Max. Units 


Pte | tow Covet input Curent (Dmabied | VinsO4V 
Tin | High CeverinpurGurrenttBin,Der | Vin=VooMAX TT 

Von [Hist Lever Ourpurvorage | lour= 10mA,Veo= VecMiN-tNowe6) [24 [ 

Receiver 

Pi, [bowtewlinmncuvent oat TT 
[tin | High Level npurcurenetmey | Vins Vecwax 


IOUT = —2.0mA (Note 6) 


Vout =0V, Vcc = Vcc MAX. 
Low Level Input Threshold Voltage 


er errors 
[Vr | High Love input TheeshoidVowwse —[ 
eee eee ee 
Winer Comp Vonage em 
ee 
ee 


P Am8T26A| V = VccMAX. 
WR/ Power/Current Consumption /AmsT26A\ ae : 


Both Driver and Receiver 


[oss [| 
es CO 


Switching Characteristics (Ta = +25°C, Vcc = 5.0V) Am8T26A Am8sT28 
Parameters Description Test Conditions Min. Typ. Max. Min. Typ. Max. Units 


Figure 1 
Figure 2 


Figure 3 


Receiver Enable to 


Ej 
Receiver Output igure 4 


Notes: 1. For conditions shown as MIN. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type. 
2. Typical limits are at Vcc = 5.0 V, 25°C ambient and maximum loading. 
3. Actual input currents = Unit Load Current x Input Load Factor (See Loading Rules). 
4. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 
5. Output sink current is supplied through a resistor to Vec: 
6. Measurements apply to each output and the associated data input independently. 
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Am8T26A e Am8T28 


DEFINITION OF FUNCTIONAL TERMS 
Do, D;,D2,D3 The four driver inputs. 


LOADING RULES (In Unit Loads) 


Bo, Bi, Bz, Bz The four driver outputs and receiver inputs LOW Fan-out 

ne : Teed) Pee Input Output Output 
‘ Input/Output Pin No.’s Unit Load HIGH LOW 

Ro, R1,R2,R3 The four receiver outputs. Data from the R/E 1 1/8 = iz 


bus is inverted while data from the driver inputs is non- 
inverted. 

B/E Bus enable input. When the bus enable input is LOW, 
the four driver outputs are in the high-impedance state. 

R/E Receiver enable input. When the receiver enable input 
is HIGH, the four receiver outputs are in the high-impedance 
state. 


Ro 2 
3 
4 
5 
6 
7 
8 
9 


A TTL Unit Load is defined as —1.6mA measured at 0.4V LOW 
and 40uA measured at 2.4V HIGH. 


DRIVER FUNCTION TABLE RECEIVER FUNCTION TABLE 


UTS Am8T26A | Am8T28 Am8T26A | Am8T28 
OUTPUT | OUTPUT OUTPUT | OUTPUT 


INP 
ee ee a 
X 
L 


Z Z 
L 
H 


X = Don’t Care X = Don’t Care 
H = HIGH Z = High Impedance H = HIGH Z = High Impedance 
i=0,1,2,or3 


INPUT/OUTPUT CURRENT INTERFACE CONDITIONS 


BUS DRIVER RECEIVER 
OUTPUT OUTPUT ALL INPUTS 
Vcc 
452 | 602 | 5kQ 
NOM. NOM. NOM. 
[| ay. 
'OH | lOH | iL 
fo | lor | ly 


Note: Actual current flow direction shown. 
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Am8T26A e Am8T28 


AC TEST CIRCUITS AND WAVEFORMS 
PROPAGATION DELAY (Data In to Bus) 


2.6V 
302 INPUT 1.5V 1.5V 
ies aa =) aes tPpLH 
all Zot OUTPUT 1.5V 1.5V 
PULSE 
GENERATOR 

INPUT PULSE: 

= t, = te = Sns (10% to 90%) 
freq = 10MHz (50% duty cycle) 
Amplitude = 2.6V 

Figure 1 


PROPAGATION DELAY (Bus to Receiver Out) 


INPUT vA 5V Koss 


1. 
2.6V Fie r- ~~ pees 


OUTPUT 1.5V 1.5V 


PULSE 
GENERATOR 


INPUT PULSE: 

t, = te = Sns (10% to 90%) 

freq = 10MHz (50% duty cycle) 
Amplitude = 2.6V 


Figure 2 


PROPAGATION DELAY (Bus Enable to Bus Output) 


INPUT 15V 1.5V 
t 
Z we ease mr t 
GENERATOR e | | =— be 
OUTPUT 1.5V a 
INPUT PULSE: 


t, = ty = Sns (10% to 90%) 
freq = 5MHz (50% duty cycle) 
Amplitude = 2.6V 


Figure 3 


PROPAGATION DELAY (Receive Enable to Receive Output) 


PULSE 
GENERATOR 


INPUT PULSE 

t, = tp = Sns (10% to 90%) 
freq = 5MHz (50% duty cycle) 
Amplitude = 2.6V 


Am8T26A e Am8T28 


APPLICATION 


4-BIT BUS 
TO OTHER 
Am8T26’s 


Am8T26A 


H = TRANSMIT H = TRANSMIT 
L = RECEIVE L= RECEIVE - 


Metallization and Pad Layouts 


Am8T26A Am8T28 


DIE SIZE 0.058" X 0.091” DIE SIZE 0.058” X 0.091" 
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Am82S62 


Nine-Input Parity Checker/Generator 


Distinctive Characteristics @ PNP inputs 

@ ODD/EVEN parity outputs e@ Advanced Schottky technology 

@ {Inhibit input to disable both outputs @ 100% reliability assurance testing in compliance with 
@ High-speed expansion input — Pg MIL-STD-883. 


FUNCTIONAL DESCRIPTION 


The Am82S62 is a 9-bit parity generator/parity checker 
with both an ODD parity output and an EVEN parity out- 
put. The device can be used to detect errors in data trans- 
mission or data retrieval systems as well as to generate this 
parity check bit. 


LOGIC SYMBOL 


1 2 3 4 10 11 12 13 § 


P, Po Pa Pa Pa Pa P7 Pg Pg 


The Am82S62 features one special high-speed input (Pg) to 
facilitate expansion. The propagation delay to the outputs 
through this path is considerably reduced when compared 
to the P1 through Pg paths. This short delay path allows 
parity checkers/generators of larger size than 9-bits to be 
built with a minimum of additional delay. 


INHIBIT Am82S62 


The device is built using advanced Schottky technology and 
incorporates PNP input transistors to reduce input loading 
to 0.4 STTL unit loads. The EVEN output is one gate 
propagation delay time shorter than the ODD output. 


Vcc = Pin 14 
GND = Pin 7 


LOGIC DIAGRAM 


INHIBIT 


ORDERING INFORMATION CONNECTION DIAGRAM 


Top View 


Package Temperature Order 
Type Range Number 
Molded DIP O°C to+75°C N82S62A 
Hermetic DIP O°C to+75°C N82S62F 
Dice O°C to +75°C N82S62X 
Hermetic DIP —55°C to +125°C S82S62F 


Dice —55°C to +125°C S82S62X 


Note: Pin 1 is marked for orientation. 
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Am82S62 
MAXIMUM RATINGS (Above which the useful life may be impaired) 


Storage Temperature —65°C to +150°C 
Temperature (Ambient) Under Bias —55°C to+125°C 
Supply Voltage to Ground Potential (Pin 14 to Pin 7) Continuous —0.5V to +7V 
DC Voltage Applied to Outputs for HIGH Output State —0.5V to +Vcc max. 
DC Input Voltage —0.5V to +5.5V 
DC Output Current, Into Outputs 30mA 
DC Input Current —30mA to +5.0mA 


ELECTRICAL CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise noted) 


NE2S02 Ta = O'C to +78°C Vcc = 5.0V +5% MIN. = 4.75V MAX. = 5.25V 
S82S62 Ta = —55°C to +125°C Cee poe as tr 
Typ. 
Parameters Description Test Conditions (Note 1) Min. (Note 2) Max. Units 


Vec=MIN.Iou=-ima] 882 | 25 | 
Vcc =MIN., | = 20mA 
VOL Output LOW Voltage cc OL Volts 
Vin = Vin or Vat 
Vin input HIGH Level Guaranteed input logical HIGH 20 
voltage for all inputs 
Vib Input LOW Level Guaranteed input logical LOW 
voltage for all inputs 
Input Clamp Voltage Vec = MIN., ly = —18MA be ae, el 
Me a 
Vcc = MAX., Ving = 0.5V 
scala tcl ss eee Coie 
ae : Input HIGH Current Vcc = MAX., Vin = 4.5V a 


Input HIGH Current Vcc = MAX., Vin = 5.5V 


Output Short Circuit Current 
Vcc = MAX., V 
Power Supply Current Vcc = MAX. (Note 5) 


. For conditions shown as MIN. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type. 
. Typical limits are at Voc = 5.0V, 25°C ambient and maximum loading. 

. Actual input currents = Unit Load Current x Input Load Factor (See Loading Rules). 

Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 

Py through Pg grounded; inhibit at 4.5V; outputs open. 


OaON > 


Switching Characteristics (Ta = +25°C) 


Parameters Description Test Conditions Min. Typ. Max. Units 


P41 through Pg to Even Output 
t 
P4 through Pg to Odd Output 
tPHL 
t 
Pg to Even Output 
t 
Pg to Odd Output 
t 
Inhibit to Even Output 
t 
Inhibit to Odd Output 
tPHL 


Vcc = 5.0V, Ry = 2802, Cy = 15 pF 
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Am82S62 


TRUTH TABLE 


NUMBER OF P INPUTS OUTPUT 
LOW | ODD | EVEN 


LOADING RULES (In Unit Loads) 


Fan-out 
Input Output Output 
Input/Output Pin No.’s Unit Load HIGH LOW 


INHIBIT 


Py 1 0.4 — — 


P> 2 0.4 cs ze 
P3 3 0.4 = a 
P4 4 0.4 = = 
Pg 5 0.2 = = 
ODD 6 * 20 10 


GND 
INHIBIT 
EVEN 
Ps 


“ 


Se. eer ar Er ee 


So or a a OE 


ee a oe 


oon onuwrt WN = O 
OF N WH HN DO O 


© | 0 
| 

N 

=) 

—_ 

co) 


-~ 
Oo 


; 
; 
- 
- 


Pg 11 0.4 — — 
H = HIGH 
p =e = 
L = LOW 7 12 0.4 
X = Don’t Care Pg 13 0.4 = = 


Vcc 


A Schottky TTL Unit Load is defined as 50uA measured at 2.7V 
HIGH and —2.0mA measured at 0.5V LOW. 


DEFINITION OF FUNCTIONAL TERMS 


P4 through Pg The nine inputs to the parity tree. 

INHIBIT A HIGH on the inhibit input forces both the odd 
output and even output LOW regardless of the P inputs. When 
the inhibit is LOW, the odd and even outputs will always be 
of opposite phase. 

ODD The odd parity output of the device. When an odd 
number of P inputs are at a HIGH level, the odd output will 
be HIGH. 

EVEN The even parity output of the device. When an even 


number of P inputs are at a HIGH level, the even output will 
be HIGH. 


SCHOTTKY INPUT/OUTPUT 
CURRENT INTERFACE CONDITIONS 


DRIVING OUTPUT PNP 


DRIVEN INPUT 


3.2k2 
Pg INPUT 


LOGIC EQUATIONS 


ODD Output = Py ®P5@P3OPy OP OPE OP7 OPgoPg 
EVEN Output = P; 6P9® P3@P4 OP. OPE oP7OPgoPgq 


Note: Actual current flow direction shown. 
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Am82S62 


APPLICATION 


16-BIT PARITY GENERATOR WITH INVERT CONTROL 


2 
3 NORMALLY 
EVEN OUTPUT 
4 
5 Am82S62 
6 
NORMALLY 
? ODD OUTPUT 
8 
INHIBIT 
9 
10 
Tk 
12 
13 Am82S62 
14 
15 
16 
ODD/EVEN INVERT 
CONTROL 
INHIBIT 
INHIBIT 


Metallization and Pad Layout 


ODD 
OUTPUT INHIBIT 


DIE SIZE 0.067” X 0.072” 
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Am73/8304B 


Octal Three-State Bidirectional Transceiver 


DISTINCTIVE CHARACTERISTICS 


@ 8-bit bidirectional data flow reduces system package count 
@ Three-state inputs/outputs for interfacing with bus-oriented 
systems 

PNP inputs reduce input loading 

Vec—1.15V Voy interfaces with TTL, MOS, and CMOS 
48mA, 300pF bus drive capability 

Transmit/Receive and Chip Disable simplify control logic 
20 pin ceramic and molded DIP package 

Low power — 8mA per bidirectional bit 

Advanced Schottky processing 

Bus port stays in hi-impedance state during power up/down 
100% product assurance screening to MIL-STD-883 
requirements 


GENERAL DESCRIPTION 


The Am73/8304Bs are 8-bit three-state Schottky transceivers. 
They provide bidirectional drive for bus-oriented microproces- 
sor and digital communications systems. Straight through 
bidirectional transceivers are featured, with 16mA drive capa- 
bility on the A ports and 48mA bus drive capability on the B 
ports. PNP inputs are incorporated to reduce input loading. 


One input, Transmit/Receive determines the direction of logic 
signals through the bidirectional transceiver. The Chip Disable 
input disables both A and B ports by placing them in a three- 
state condition. 


The output high voltage (Vox) is specified at Vec—1.15V 
minimum to allow interfacing with MOS, CMOS, TTL, ROM, 
RAM, or microprocessors. 


LOGIC DIAGRAM 


Cae USUeUeGae 


CHIP stat tt 


DISABLE ) ») 
(CD) 
Fe {\ {\ {\ {\ 
TRANSMIT/ eS 


e@ 
e@ 
RECEIVE 3 
(T/R) 


Bo By Bo By Ba Bs Bg By 


CONNECTION DIAGRAM 
Top View 


LOGIC SYMBOL 


Vec 89 81 B82 B83 Ba Bs 


16 «615 A, Az Az Aq Ag Ag AZ 


Am73/8304B 


Am73/8304B 


Voc = Pin 20 
GND = Pin 10 


Note: Pin 1 is marked for orientation. 
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Am8304B 


ABSOLUTE MAXIMUM RATINGS (Above which the useful life may be impaired) | | Ba ee as 
Storage Temperature —65°C to + 150°C 
Supply Voltage 7.0V 
Input Voltage 5.5V 
Output Voltage 5.5V 
Lead Temperature (Soldering, 10 seconds) 300°C 


ELECTRICAL CHARACTERISTICS 
The Following Conditions Apply Uniess Otherwise Noted: 


Am7304B Ta = —55°C to +125°C VocMIN = 4.5V Voc MAX = 5.5V 
Am8304B —s Ta = 0°C to + 70°C VocMIN = 4.75V. Voc MAX = 5.25V 
DC ELECTRICAL CHARACTERISTICS over operating temperature range 
Typ. 
Parameters Description Test Conditions Min. (Note 1) Max. Units 
A PORT (Ag-A7) Fanaa 


Logical “1” Input Voltage CD = 0.8V, T/R = 2.0V 


A eth) CD = 0.8V, Am83040B 
ViL Logical “O” Input Voltage TiR = 20V reat 
. ay CD = 0.8V, lou = —0.4mA Voc—1.15 
Von Logical “1” Output Voltage TR = 0.av fics =a Gan : 
= lo. = 8mA 
Ye: | tedicalo) Gutuk Vonage CD = 0.8v, 


T/R = 0.8V Am8304B, Io, = 16mA 


CD = 0.8V, T/R = 0.8V, Vo = OV, 
Vcc = MAX., Note 2 


=< 
x 
i) 
~“ 


© 
NJ 


< 
o 
-- 
w” 


| 
~“ 
on 
: 


Vcec—0.7 


oO 
oe) 


oO 
oS 


lo) 
= 


mA 


| | | 
°o : w 
Ni foe) 


Volts 


Input Clamp Voltage CD = 2.0V, lin = —12mA 


Vo = 0.4V 
Output/Input Three-State Current CD = 2.0V 0 
Vo = 4.0V 


B PORT (Bo-B7) 


H Logical “1” Input Voltage CD = 0.8V, T/R = 0.8V 2.0 


Am8304B 
V Logical “0” Input Volt CD = 0.8V, T/A = 0.8V 


“SN 
o 
> 


i. 
> 


Logical “O” Input Current CD = 0.8V, T/R = 2.0V, V; = 0.4V 


Volts 


: 


Volts 


2) 
o) 
= 
c 
-) 
NJ 


gi 
Oo 


lou = —0.4mA Voc—1.15 V a 
Vou Logical 1” Output Voltage CD = 0.8V, T/R = 2.0V | Ioy = —5mA Volts 
lon = Toma | 24 


0.4 


- lo. = 20mA 
VoL Logical “0” Output Voltage CD = 0.8V, T/R = 2.0v | 9b Volts 
loL = 48mA 


Output Short Circuit Current 4 ie Vo = OV, 


Logical “1” Input Current CD = 0.8V, T/R = 0.8V, V, = 2.7V 
Input Current at Maximum Input Voltage 
Logical “0” Input Current CD = 0.8V, T/R = 0.8V, V,; = 0.4V 
Input Clamp Voltage CD = 2.0V, lin = —12mA 


Vo = 0.4V 
Output/Input Three-State Current CD = 2.0V 
Vo = 4.0V 


CONTROL INPUTS CD, T/R 
[Logical "1" input Votage | SCSC~C~S™S 
[Logical “o" inputVotage | SC—“‘“*S*~*~*~*™ 
Voo = MAX. Vi = Voc MAX, 


T/R 
Logical “O” Input Current V, = 0.4V 


Vc Input Clamp Voltage lin = —12mA 


POWER SUPPLY CURRENT 


CD = 2.0V, Voc = MAX., Vin = 0.4V 
| ge Ste cian 
ee CD = Vina = 0.4V, TI = 2V, Veo = MAX. 
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Am8304B 
AC ELECTRICAL CHARACTERISTICS (Vcc = 5.0V, Ta = 25°C) 
yp. 


Parameters Description Test Conditions Min. (Note 1) Max. Units 
A PORT DATA/MODE SPECIFICATIONS 


: Propagation Delay to a Logical “0” from | CD = 0.4V, T/R = 0.4V (Figure 1) 
PDHLA B Port to A Port 


_ —_ 
wo > 
= -—_ 
foe) fo 0) 


—_ 
or 


= 
_ 
= 
on 


_ NO 
ve) N 

Ww 
ee 


Propagation Delay to a Logical “0” from 
A Port to B Port 


R4 = 6670, Ro = 5k, C; = 45pF 


Propagation Delay to a Logical “1” from 
A Port to B Port 


Ag to A7 = 0.4V, T/R = 2.4V (Figure 3) 
$3 = 1, Rs = 1k, C4 = 15pF 
Ag to A7 = 2.4V, T/R = 2.4V (Figure 3) 
S3 = 0, Rs = 1k, C4 = 15pF 


~— 
io) 
as 
© 


Propagation Delay from Three-State to 
a Logical “0” from CD to B Port 


.¢%) 
ele 
Pe 

© 


$3 = 1, Rs = 6672), C4 = 45pF 
Ao to A7 = 2.4V, T/R = 2.4V (Figure 3) 

$3 =U, Rs = 1k, C4 = 300pF 

$3 = 0, Rs = 6670, C4 = 45pF 
TRANSMIT RECEIVE MODE SPECIFICATIONS 
CD = 0.4V (Figure 2) 
S; = 1, Rg = 1000, C3 = 300pF 
So = 0, R3 = 1k, Co = 15pF 
CD = 0.4V (Figure 2) 
S41 = 0, R4 = 1k, C3 = 300pF 
So = 1, Rg = 1k, Co = 15pF 
CD = 0.4V (Figure 2) 
$1 = 0, R4 = 1k, C3 = 15pF 
So = 1, R3 = 5k, Co = 30pF 


oO 
nm 
5 


Propagation Delay from Three-State to 
a Logical ‘'1” from CD to B Port 


BN 


o 
or 


Propagation Delay from a Logical “1” to 
Three-State from T/R to A Port 


Propagation Delay from a Logical “0” to 
Three-State from T/R to A Port 


= = oy 
ine) as 
NO ine) 


© 
~ 
> 


Ry = 1k, Ro = 5k, C; = 30pF 
' Propagation Delay to a Logical “1” from 
PDLHA B Port to A Port R; = 1k, Ro = 5k, Cy = 30pF 
Bo to By = 0.4V, T/R = 0.4V (Figure 3) 
$3 = 1, Rs = Ik, C4 = 15pF 
t Propagation Delay from a Logical “1” to | Bo to B7 = 2.4V, T/R = 0.4V (Figure 3) 
PHZA Three-State from CD to A Port S3 = 0, Rs = 1k, Cy = 15pF 
t Propagation Delay from Three-State to 
PZLA a Logical “0” from CD to A Port S3 = 1, Rg = 1k, C4 = 30pF 
; Propagation Delay from Three-State to | Bg to By = 2.4V, T/R = 0.4V (Figure 3) 
PZHA a Logical “1” from CD to A Port S3 = 0, Rs = 5k, C4 = 30pF 
B PORT DATA/MODE SPECIFICATIONS 
Propagation Delay from a Logical “0” to 
t Propagation Delay from a Logical “1” to 
PHZB Three-State from CD to B Port 
tpZLB 
tpzHB 
t Propagation Delay from a Logical “1” to 
PH2T Three-State from T/R to B Port 
CD = 0.4V (Figure 2) 
S; = 1, R4 = 1k, C3 = 15pF 
t Propagation Delay from Transmit Mode t ios re 
ie to a Logical “0”, T/R to A Port PEL, Pee seer 
Propagation Delay from Transmit Mode t - 49 
to a Logical “1”, T/R to A Port PRH ~ "PLZT © 'PDLHA 
t Propagation Delay from Receive Mode t at +t 
PTL to a Logical “0”, T/R to B Port hm te a 
t Propagation Delay from Receive Mode t = 5 
re to a Logical “1”, T/R to B Port PTH = tpizr + tPDLHB 
Notes: 1. All typical values given are for Vcc = 5.0V and Ta, = 25°C. 


CD = 0.4V, T/R = 0.4V (Figure 1) 
t Propagation Delay from a Logical “0” to 
PLZA Three-State from CD to A Port 
Bo to B7 = 0.4V, T/R = 0.4V (Figure 3) 

Three-State from CD to B Port 

ide Propagation Delay from a Logical “0” to 

PL : R 

Three-State from T/R to B Port So = 0, Ra = 1k, Cp = 30pF 
2. Only one output at a time should be shorted. 


N ie) 
on oO 
té) - > 
on Oo oO 


a 
n 


FUNCTIONAL TABLE 


Chip Disable 


Transmit/Receive 


Am8304B 


SWITCHING TIME WAVEFORMS 
AND AC TEST CIRCUITS 


3.0V 
INPUT 
A, OR B,, 
OV 
DEVICE 
t t PULSE 
PDLH PDHL GENERATOR UNDER 
OUTPUT : 
B, OR A, 1.5V 1.5V 
tr = t¢ < 10ns Note: C1 includes test fixture capacitance. 
10% to 90% 
Figure 1. Propagation Delay from A Port to B Port 
or from B Port to A Port. 
3.0V 
tr tf 
INPUT 
T/R 
APORT O O BPORT 
ov 


DEVICE 
UNDER 
TEST 


Vec 
0.5V 0.5V 
S2=1 
t t 
A PORT BREE tPLZR B PORT nee = tPLZ2T 
0.5V 0.5V 


ty = te < 10ns 
10% to 90% 


PULSE 
GENERATOR 


Note: C9 and C3 include test fixture capacitance. 


Figure 2. Propagation Delay from T/R to A Port or B Port. 


. OUTPUT 
DEVICE O Vec 
PORT 1.5V UNDER 
OUTPUT TEST 
PULSE 
GENERATOR co 
tpHz ; | 
tere PZL = 
Sour 0.5V id 
OUTPUT : 


Note: Cg includes test fixture capacitance. 
Port input is in a fixed logical condition. 


$3 =0 
C4 


IK 


tr = tf < 10ns 
10% to 90% 


Figure 3. Propagation Delay from CD to A Port or B Port. 
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Am93S10 -Am93S16 


BCD Decade/Four-Bit Binary Counters 


Distinctive Characteristics @ Edge-triggered clock action 
e@ Advanced Schottky technology 


@ 100% reliability assurance testing in compliance with 
@ Fully synchronous parallel loading MIL-STD-883. 


@ Fully synchronous counting 


FUNCTIONAL DESCRIPTION 


The Am93S10 and Am93S16 are fully synchronous 4-bit 
decimal and binary counters. With the parallel enable (PE) 
LOW, data on the Po-P3 inputs is parallel loaded on the 
positive clock transition. When PE is HIGH and both count 
enables CEP and CET are also HIGH, counting will occur 
on the LOW-to-HIGH clock transition. 


The terminal count state (1001 for the Am93S10 and 1111 
for the Am93S16) is decoded and ANDed with CET in the 


terminal count (TC) output. If CET is HIGH and the 
counter is in its terminal count state, then TC is HIGH. 


LOGIC SYMBOL 


Py Po 


Am93S16 TC 


Both counters have an asynchronous master reset (MR). A 
LOW on the MR input forces the O outputs LOW in- 
dependent of all other inputs. The only requirements on 
the PE, CEP, CET and Po-P3 inputs is that they meet the 
set-up time requirements before the clock LOW-to- 
HIGH transition. 


Vec = Pin 16 
GND = Pin8 


LOGIC DIAGRAMS 
Am93S10 Am93S16 


CONNECTION DIAGRAM 
Top View 


ORDERING INFORMATION 


Op 


“am93S10 Am93816 Q3 
Package Temperature Order Order 


Type Range Number Number 


gerne 
Molded DIP O°C to +75°C 93S10PC 93S16PC 


Am93S10 


Hermetic DIP O°C to +75°C 93S10DC 93S16DC Amgaels 
Dice O° C to +75°C 93S10XC 93S16XC e 
Hermetic DIP —55°C to +125°C 93S10DM 93S16DM a 
Hermetic Flat Pak —55°C to +125°C 93S10FM 93S16FM a 


MR CEP GND 


Dice —55°C to +125°C 93S10XM 93S16XM 


Note: Pin 1 is marked for orientation. 
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Am93S10 e Am93S16 
MAXIMUM RATINGS (Above which the useful life may be impaired) 


S —65°C to +150°C 


torage Temperature 


Temperature (Ambient) Under Bias —55°C to +125°C 
Supply Voltage to Ground Potential (Pin 16 to Pin 8) Continuous —0.5V to +7V 
DC Voltage Applied to Outputs for HIGH Output State —0.5V to +Vec max. 
DC Input Voltage —0.5V to +5.5V 
DC Output Current, Into Outputs 30mA | 
DC Input Current —30mA to +5.0mA 


ELECTRICAL CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (Unless Otherwise Noted) 


Am93S10XC, Am93S16XC Ta =O Cto 75°C Voc = 5.0V +5% (COM'L) MIN. = 4.75V MAX. = 5.25V 
Am93S10XM, Am93S16XM Ta = —55°C to +125°C Vec = 5.0V +10% (MIL) MIN. = 4.5V MAX. = 5.5V 

Typ. 
Parameters Description Test Conditions (Note 1) Min. (Note 2) Max. Units 


Vcc =MIN., | =—1mA | XM. | 
Output HIGH Voltage ie ve ve 
Vcc =MIN., | = 20mA 
Output LOW Voltage Ries . a 0.35 
IN VIH OF VIL 
Vin Input HIGH Level Guaranteed input logical HIGH 20 Volts 
\ voltage for all inputs 
Vib Input LOW Level Guaranteed input logical LOW Volts 
voltage for all inputs 


NL eee oe a ee 
Input LOW Current mA 
CP 


Ree ee 


Pe MRICEP [Te | | 
Wi ; ar a ee hae 
Input HIGH Current LA 
(Note 3) : a aes eS 
CP 


ea ae a ( 


Output Short Circuit Current 
I V = MAX. 
Power Supply Current Vcc = MAX. (Note 5) lifes 9 


Notes: 1. For conditions shown as MIN. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type. 
. Typical limits are at Vcc = 5.0V, 25°C ambient and maximum loading. 

Actual input currents = Unit Load Current x Input Load Factor (See Loading Rules). 

Not more than one output should be shorted at atime. Duration of the short circuit test should not exceed one second. 

- Outputs open; MR = OV; all other inputs HIGH. 


OA ON = 


Metallization and Pad Layouts 


Am93S10 Am93S16 


DIE SIZE 0.078” X 0.096” DIE SIZE 0.078" X 0.096" 
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Am93S10 ¢ Am93S16 
SWITCHING CHARACTERISTICS (Ty, = +25°) 


Parameters Description Test Conditions Min Typ. Max. Units 
nase 1, Jeaunt Rreaueney ee 
es ee ee 
Clock to Q 
nape Ee a De 
ee Se es (res ee 
Clock to TC 
eee Seas lle ret ae 
; ee eae ee 
er 
eee aaa See SE 
oe See (ER Soe 
(inactive) Vec = 5.0V, Cy = 15 pF, Ry = 2802 


: Master Reset Pulse 
pw Width 


; Clock Pulse Width HIGH 
py Clock Pulse Width LOW 


= = 
oO Ww 


Data to Clock ee 
| BE t0 Clock ae eee eee en aie 
CEP or CET to Clock (fe eee, Eee 
(SE ie | Seaee eine eet 


APPLICATIONS 


SYNCHRONOUS MULTISTAGE COUNTING USING CET INPUT ONLY 


cP 

oe TO MORE 
SIGNIFICANT 
STAGES 


CLOCK 


FASTER SYNCHRONOUS MULTISTAGE COUNTING USING CET AND CEP INPUTS 


Py P3 


Po Po 
TO MORE 
SIGNIFICANT 
STAGES 


{UP TO TOTAL) 


TC 


Qo Q, QQ Q3 


CLOCK 
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Am93S10 e Am93S16 


‘DEFINITION OF FUNCTIONAL TERMS 


PE Parallel Enable. When PE is LOW, the parallel inputs, Po 
through P3, are enabled. When PE is HIGH, the count function 
is possible. 

CEP Count Enable Parallel. CEP is one of the count enable 
inputs that must be HIGH for the counter to count. 


LOADING RULES (In Unit Loads) 
Fan-out 

Input Output Output 

Input/Output Pin No.’s Unit Load HIGH LOW 


= 
D 


1 = = 


2 
CET Count Enable Trickle. CET is one of the count enable Po 3 
inputs that must be HIGH for the counter to count. In ad- 
dition, CET is included in the TC output gate and must be Py 4 
HIGH for TC to be HIGH. P> 5 
CP Clock Pulse. Causes the required output change on the Px 6 
LOW-to-HIGH transition (Edge-triggered). CEP 5 
MR Master Reset. When the asynchronous master reset is GND 8 
LOW, the Qo through QO3 outputs will be LOW regardless of SL - 


the other inputs. 


Po, Pi, Po, Pg The parallel data inputs for the four internal 
flip-flops. 


Qo, Q;, Qy, Q3_ ‘The four parallel outputs from the counter. 

TC Terminal Count. The terminal count output will be HIGH 
for CET HIGH and binary nine on the Am93S10 or CET 
HIGH and binary 15 on the Am93S16. 


15 
16 


A Schottky TTL Unit Load is defined as 50uA measured at 
2.7V HIGH and —2.0mA measured at 0.5V LOW. 


FUNCTION TABLE 


OUTPUTS 


H = HIGH NC = No Change 
L = LOW Dj may be either HIGH or LOW 
X = Don’t Care t LOW-to-HIGH Transition 
TERMINAL COUNT (TC) TRUTH TABLE SCHOTTKY INPUT/OUTPUT 


CURRENT INTERFACE CONDITIONS 


DRIVING OUTPUT DRIVEN INPUT 


UNIT LOAD 
2.8k2 NOM 


Note: Actual current flow direction shown. 
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Am93S48 


Twelve-Input Parity Checker/Generator 


Distinctive Characteristics @ Same delay to EVEN and ODD parity outputs 
@ Generates or checks parity over 12 bits e@ 100% reliability assurance testing in compliance with 
@ Advanced Schottky technology MIL-STD-883. 


FUNCTIONAL DESCRIPTION 


The Am93S48 is a high-speed, 12-input parity checker or 
parity generator. The device is built using advanced 
Schottky technology and also incorporates PNP input 
transistors to reduce the input loading to only 0.4 STTL 
Unit Loads. 


LOGIC SYMBOL 


1112 13 14 15 1 2 3 4 5 6 7 


lo 14 '2 Ig Ig '5 Ig '7 tg tg Ito M44 


Am93S48 


Both an ODD parity output and an EVEN parity output 
are obtained with the same propagation delay. This is ac- 
complished by using an output structure that looks at the 
input as three 4-bit parity trees. © 


Vcc = Pin 16 
GND = Pin 8 


LOGIC DIAGRAM 


eu 
ie 


ie: 


CONNECTION DIAGRAM 
Top View 


ORDERING INFORMATION 


Package Temperature Order 
Type Range Number 


Molded DIP 0°C to +70°C 93S48PC 

Hermetic DIP 0°C to +70°C 93S48DC 

Dice 0°C to +70°C 93S48XC 

Hermetic DIP —55°C to +125°C 93S48DM 

Hermetic Flat Pak —55°C to +125°C 93S48FM 
Dice —55°C to +125°C 93S48XM He. 


Note: Pin 1 is marked for orientation. 
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Am93S48 
MAXIMUM RATINGS (Above which the useful life may be impaired) 


Storage Temperature —65°C to +150°C 
Temperature (Ambient) Under Bias —55°C to +125°C 
Supply Voltage to Ground Potential (Pin 16 to Pin 8) Continuous —0.5V to +7V 
DC Voltage Applied to Outputs for HIGH Output State —0.5V to +Vcec max. 
DC Input Voltage —0.5V to +5.5V 
DC Output Current, Into Outputs 30mMA 
DC Input Current —30mA to +5.0mA 


ELECTRICAL CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless Otherwise Noted) 


Am93S48XC Ta = 0°C to +70°C Vcc = 5.0V +5% (COM'L) MIN. = 4.75V MAX. = 5.25V 
Am93S48 XM Ta =—55°C to +125°C Vec = 5.0V +10% (MIL) MIN. = 4.5V MAX. = 5.5V 

Typ. 
Parameters Description Test Conditions (Note 1) Min. (Note 2) Max. Units 


Vcc =MIN., lot = 20mA 
VIN = ViH OF VIL 


teed i ical 
Vib Input LOW Level Guaranteed input logical LOW 
voltage for all inputs 


Input Clamp Voltage Vcc =MIN., liq =—18MA 


He 
ty 
(Note 3) 
Input HIGH Current 


Output Short Circuit Current 2 7 
Power Supply Current Vcc = MAX. (Note 5) 


For conditions shown as MIN. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type. 
. Typical limits are at Vcc = 5.0V, 25°C ambient and maximum loading. 

Actual input currents = Unit Load Current x Input Load Factor (See Loading Rules). 

Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 

Both outputs open; all inputs at 4.5V. 


Input LOW Current 


Input HIGH Current Vcc = MAX., Vin = 2.7V 


Vcc = MAX., Vin = 5.5V 


M9 RONS 


‘Switching Characteristics (T, = +25°C) 


Parameters Description Test Conditions Min. Typ. Max. Units 


ig through 14 to 
Even Output 
Vcc = 5.0V, Cy = 15 pF, Ry = 2802 


lg through 1474 to 
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Am93S48 


TRUTH TABLE 


NUMBER OF i INPUTS OUTPUT 
H 


LOADING RULES (In Unit Loads) 


Fan-out 
Input Output Output 
Input/Output Pin No.’s Unit Load HIGH LOW 


0.4 
0.4 
0.4 


WwW] N 


AS 


0.4 


oO 


0.4 
0.4 
0.4 


Oo 


~“ 


oonoaw fF WN = OO 
© |} © 


—_ 
io) 
me or Se Se a ae Se oe 


Terre rtrrtrareTt 


HIGH 
LOW 
Don't Care 


xr 
nou tl 


A Schottky TTL Unit Load is defined as 50uA measured at 2.7V 
HIGH and —2.0mA measured at 0.5V LOW. 


SCHOTTKY INPUT/OUTPUT 
CURRENT INTERFACE CONDITIONS 


DEFINITION OF FUNCTIONAL TERMS 


Ig through 144 The twelve inputs to the parity tree. 

ODD The ODD parity output of the device. When an ODD 
number of | inputs are at a HIGH level, the ODD output 
will be HIGH. 

EVEN The EVEN parity output of the device. When an EVEN 
number of | inputs are at a HIGH level, the EVEN output 
will be HIGH. 


DRIVING OUTPUT PNP 
DRIVEN INPUT 


1.6kQ2 
NOM. 


LOGIC EQUATIONS 
Odd Output = Ip Pl 421991991 gol 5elgel7elgelg@l 49%") 1 
Even Output = [pel 421221321 42l5%lgol7olgelg@l 4 oly 4 


Note: Actual current flow direction shown. 
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Am93S48 


nan OO 2m WN = 


CLOCK 


ENABLE 


1 


oO ON ODO fF WwW DY ow 


APPLICATIONS 
2-BIT PARALLEL ODD/EVEN PARITY CHECKER/GENERATOR 


KR 
o 
& 
N 

— 
<x 


oOo 7 BR W DD = 


7 
Oo 
~ 


Am25S07 
# 
re 
x 
a 
fall 


OP oO 


lo 't !2 13 14 Is Ie 'y Ig Ig tag ty 


Am93S48 


32-BIT PARITY CHECKER/GENERATOR 


ODD/EVEN INVERT CONTROL 


Am93S48 


ODD 


EVEN 


Am93S48 — 


Metallization and Pad Layout 


Vcc 


DIE SIZE 0.067" X 0.072" 
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INTRODUCTION 


The significant cost reductions which have been achieved with digital integrated circuits in recent years have 
allowed digital processing techniques to be applied in many new fields. One of the most important of these is 
digital signal processing. 


Digital arithmetic processors are now used to perform frequency analysis, correlation and filtering functions 
which, at one time, were the exclusive province of analog systems. Digital signal processors have several 
obvious advantages over analog approaches. These include precision and programmability as well as 
insensitivity to temperature, power supply variations, and component aging. 


Digital signal processors are similar to general-purpose digital computers except for the need to perform large 
numbers of multiplications. The first digital signal processors frequently used general-purpose adders pro- 
grammed to do the multiplication. More recently, integrated circuits such as the Advanced Micro Devices’ 
Am2505 two’s complement multiplier were introduced specifically for this function. The Am2505 was quickly 
accepted as the industry standard device for military applications. It was soon followed by high-speed, 
Am2505, and low-power, Am25L05, versions. Although these devices significantly reduced the cost and 
improved the performance of signal processors used for digital filters and Fast Fourier Transform analyzers, 
digital techiques were still only economically viable for very sophisticated applications. 


The development of low-power Schottky technology, which provides the same performance as standard TTL 
at up to one-fifth the power dissipation, now permits the design of low-cost MSI and LSI devices suitable for 
use in general commercial digital signal processing systems. Advanced Micro Devices has recently intro- 
duced a number of products designed specifically for these applications. They include the Am25LS14 
Serial/Parallel Multiplier, Am25LS15 Quad Adder/Subtractor and the Am25LS22 8-Bit Serial/Parallel Register. 


This handbook offers a general introduction to digital signal processing techniques. Particular emphasis has 
been given to the application of low-power Schottky integrated circuits in the design of digital filters. 


We hope that this information will aid engineers in implementing digital signal processing methods in cost 
conscious commercial systems. Typical applications include process control, data compression, data trans- 
mission, spectrum analyzers, medical electronics and special purpose instrumentation as well as hardware 
multiplication and division in high-speed minicomputer designs. 


5-2 


BASIC DIGITAL FILTER THEORY 


By John R. Mick 


INTRODUCTION 


Digital filtering applications are rapidly expanding as new 
developments in technology provide increased packing density 
in complex integrated circuits. Until recently digital filter 
processing algorithms have been used primarily in computer 
simulations, sampled data analysis and data reduction com- 
putations. The variety of complex integrated circuits suitable 
in size, weight, power and cost for real-time processing of 
video signals by digital techniques is increasing steadily. With 
the increasingly extensive application of digital processors to 
many systems, more and more importance is placed on the 
development of mathematical tools for the analysis and design 
of sampled data systems. In particular the classical methods of 
difference equation solutions are available to the designer as 
well as the ‘’z-transform” calculus solutions. The latter analyti- 
cal method results in considerable simplification and under- 
standing of the problems associated with sampled-data systems. 


This application note presents a brief review of these concepts. 
A brief introduction to sampling theory is presented and a 
review of the difference equation as applicable to digital 
filtering follows. Several digital filter configurations are out- 
lined and a summary of the most useful transforms for de- 
signing digital filters is also presented. 


Definition 

The term ‘digital filter’ refers to a computational algorithm 
performed on a sampled input signal resulting ina transformed 
output signal. The input signal is a sequence of numbers from 
either an analog-to-digital converter or a direct digital input 
source. The computational process can correspond to high- 
pass filtering, low-pass filtering, band-pass filtering, integration, 
differentiation etc. The output signal is either a direct digital 
sequence or a regenerated analog signal from a digital-to- 
analog converter. 


Advantages 


Several unique advantages are offered by the digital approach 
to signal processing. These include: 


1. Performance from unit to unit is stable and repeatable. 

2. Arbitrarily high precision is achieved that is limited only 
by the number of bits carried in memory and by the input 
and output resolution capabilities. 

._No impedance matching problems exist in the digital 
domain. 

_ Critical filter break frequencies can be placed without 
restriction (influences the precision required). 

. Component value variation problems normally associated 
with capacitors and resistors due to temperature changes 
or age are nonexistent. 

_ Greater flexibility is achieved since filter response can be 
changed by varying the proper arithmetic coefficients. 

_ The intrinsic possibility of time-sharing major implemen- 
tation sections exists (adders, subtractors, multipliers etc). 
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8. 
9. 


Small size results from integrated circuit implementation. 


Periodic calibration as is required with analog circuits Is 
eliminated. 


10. Performance limitations of physical analog components are 


avoided. 


THE SAMPLING PROCESS 


It’s convenient to think of the sampling process as an impulse 
modulation of a continuous input signal. Accordingly if the 
input signal v(t) is sampled every T seconds, an output signal 
results denoted v*(t). This is shown in Figure 1. 


SAMPLER 


v(t) v* (t) 
© RR 


Figure 1. Sampler Representation. 


The ideal sampler is represented by using the Dirac delta 
function to express a unit impulse train 6 (t-nT). This notation 
represents impulses occurring at each t = nT seconds for n 
equal to positive integers. The ideal sampler 5+ (t) for a con- 
tinuous train of regularly spaced pulses is described for posi- 
tive time sequences by the following equation: 


oo 


py 
n=0 


S(t) = § (t-nT) (1) 


The sampler output signal is written in terms of a continuous 
input signal and the ideal sampler unit impulse train as 


Coo 


» 
n=0 


v*(t) = v(t) 6 (t-nT) (2) 


This equation is rewritten to include the input signal as a time 
function when t = nT as 


oo 


py 
n=0 


v*(t) = v(nT) 5(t-nT) (3) 


This equation shows that the sampler output is an impulse 
train with an amplitude equal to the continuous input signal 
amplitude at the sampling instant. 


The Laplace transform of the ideal sampler is the Laplace 
transform of the Dirac impulse train 5+(t) and is given by 


oo 


e-nTs (4) 


£57 (t)] | = non 
n=0 n=0 
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since the Laplace transform of the unit impulse function 
6(t-nT) is e-nTs, 
Using equation 4, the Laplace transform of equation 3, the 
sampler output becomes 
(oe) 
V*(s)= LS vi(nT)e7Ts 
n=0 


(5) 


This is very similar to the definition of the continuous Laplace 
transform 


V(s) = {vite stdt (6) 


except that the integral is replaced by a summation evaluated 
at the sampling instants t=nT of the unit impulse train. 


Time Domain Sampling 


The time domain analysis of the above described sampler is 
best understood by considering a continuous sinusoidal input 
signal 


v(t) = A sin(wt) (7) 


Using equation 3, the sampler output for the sinusoidal input is 
V*(t)= LD Asin(wnT) 6(t-nT) (8) 
n=0 


Figure 2 shows the time domain response of a sinusoidal! input 
signal, a sampler, and a sampler output as described by the 
above equations, where the sampling rate is considerably 
higher than the continuous input frequency. 


Using equation 5, the Laplace transform of equation 8 des- 
cribing the sampler output for the sinusoidal input is 


Y~ Asin (wnT)e-"Ts 
=0 


V*(s) = 
n 


(9) 


(c) Sampler Output 


Figure 2. Time Domain Sampling. 
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The time domain analysis gives a useful picture of the sampler 
characteristics as a function of time; however, the complete 
picture also requires an analysis of the sampler in the frequency 
domain. 


Frequency Domain Sampling 


To examine the characteristics of the ideal sampler in the 
frequency domain, the Laplace transform of the ideal sampler 
as established in equation 4 is expanded as 


oo 
by e-nts =4 +e7st +e-2sT +e-3sT +... (10) 
n=0 
The closed form of this geometric series is 
ae 1 
y ets = —_______ (11) 
=0 1—-e-slt 


Thus the Laplace transform of the sampler output is given by 
the convolution of the ideal sampler and the continuous input 


signal as 
1 
1 -e-sT 


Since convolution in the s-domain requires contour integra- 
tion21, only the result is stated: the sampler output for a con- 
tinuous input is 


V*(s) = vis)*| (12) 


1 co 


V*(s) = V(s +jnw,.) (13) 


Te eee 
It is important to note that the sampler and its output are 
periodic with period jw,. This means V*(s) is equal to 
V*(s+jw,) and is represented in the s-plane by periodic strips 
along the jw axis. As a result, the sampler causes a periodic 
single line spectrum in the frequency domain occurring at each 
integer multiple of the sampling frequency. 


Assuming a continuous sinusoidal input signal 


v(t) = Asin (wt) (14) 


and a sampler operating at radian frequency We, the output 
spectrum is periodic with spurious sidebands located at all 
multiples of ws. The input spectrum is centered around each 
of these spurious multiples of the sampling frequency. This 
is shown in Figure 3. 


The Z-Transform 


The z-transform is used to describe a sampled data system in 
much the same way as the Laplace transform is used to des- 
cribe a continuous time system. The z-transform of a signal 
describes the signal at the sampling instant and therefore con- 
tains information about the corresponding time function at 
the sampling instants only. The z-transform is obtained by 
making the substitution 

z=est (15) 
or 


(16) 


where z is interpreted as a complex transform variable. Thus, 
every continuous signal that has a Laplace transform also has 
a z-transform by a simple substitution. 


(a) Input Signal Spectrum 


| 5 jw) 


(c) Sampler Output Spectrum 


Figure 3. Frequency Domain Sampling. 


Since the Laplace transform of a sampler is periodic, the 
z-transform performs a change of variable which retains the 
s-plane pole-zero configuration while stripping the function of 
its repetitive character. Thus, the z-transform allows simple 
algebraic manipulation of the polynomials in the z-plane just 
as the Laplace transform does for the polynomials in the 
s-plane. 


The above substitution maps the periodic strip from -w,/2 to 
+w,/2 of the jw-axis of the s-plane onto the unit circle of the 
z-plane where wg is the sampling frequency. The remainder of 
this strip in the left-hand, s-plane is mapped inside the unit 
circle in the z-plane. This is shown in Figure 4. 


(b) z-Plane 


Figure 4. S-Plane to z-Plane Transformation. 
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Successive w, = 277/T strips of the left hand side of the s-plane 
are mapped into the same unit circle of the z-plane. Likewise, 
the corresponding right-half strip is mapped as the exterior of 
the unit circle in the z-plane. If a transfer function is to be 
stable, its poles are in the left half of the s-plane; thus, the poles 
of the transformed function must lie within the unit circle in 
the z-plane. It follows that the z-plane poles and zeros occur 
on the real axis or in complex conjugate pairs. 


The interval from -w,/2 to +w,/2 is known as the Nyquist 
interval. This interval places a bound on the bandwidth of the 
input signal to the sampler such that if the input signal is not 
bandlimited to below the radian frequency w,/2, it cannot be 
recovered exactly at the output. Figure 5a shows the aliasing 
problems on the input spectrum after sampling if the input 
signal is not bandlimited while Figure 5b shows the spectrum 
of a bandlimited signal before and after sampling. 


Using the substitution z = es? on equation 3, the z-transform 
output for a sampled input signal is found as 


oo 


a 
n=0 


V*(z) = vinT)z-" (17) 


where z~" is a delay operator and n is an integer representing 
the number of past unit delays. 


THE DIFFERENCE EQUATION 


In linear continuous (analog) filter theory, linear differential 
equations is one mathematical tool available to describe the 
transfer function. Similarly, in linear digital (sampled) filter 
theory, the linear difference equation is available as a mathe- 
matical tool for analysis and synthesis. 


E (jw) 


BEFORE SAMPLING 


AFTER SAMPLING 


(a) Input Signal Not Bandwidth Limited 


BEFORE SAMPLING 
NYQUIST INTERVAL 


AFTER SAMPLING 


(b) Input Signal Bandwidth Limited 


Figure 5. Effect of Bandlimiting Before Sampling. 
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The linear difference equation is used to define the sampled 
output pulse amplitude y(t) as a function of the present input 
pulse and any number of past input and output pulses. A 
general form of the difference equation’? is 


N M 
yinT)= % A; x(nT-iT) + ZB; y(nT-iT) 
i=0 i=1 


(18) 


where the notation x(nT) represents the present input sample 
and the x{iT) are past input samples. Similarly, y(nT) is the 
present output sample and the y(iT) are past output samples. 
The A; and B; coefficients are a set of constants which deter- 
mine the response of the filter. 


The z-transform of the general difference equation 18 is derived 
by using equation 17 and is given as 
N M 
y(z)=x(z) DS Ajzity(z) > Bz 
i=0 i=1 


(19) 


This equation is interpreted as: the present output is equal to 
the present and past inputs each multiplied by the respective 
coefficient A; plus the past outputs each multiplied by the 
respective coefficient B;. Equation 19 is rewritten in the normal 
transfer function form as 


Az7' 


_y(z) _ i 


rere (20) 


H(z) 


— 
I 


M . 
y Biz! 
a | 


This is the general form of a transfer function in the z-plane 
that can be made equal to a transfer function in the s-plane to 
realize the sampled equivalent of a linear continuous filter. 


First Order Equation 


A first order difference equation is written as 


y(nT) = Ag x(nT) + Ay x(nT-T) + By y(nT-T) (21) 
The z-transform of this difference equation is 
Eg (z) = AgE\(z) + Ayz71 E,(z) + B,z7'E,(z) (22) 


where Ej is used to represent the output signal and E; is used 
to represent the input signal. The transfer function is obtained 
by rewriting this equation as 


E,(z) Ag + Ayz7! Aoz + Ay 

= H(z) = 23 
E; (z) 1- By,2-1 z~-B, ee) 
This transfer function can be implemented as shown in 


Figure 6. 


Second Order Equation 

A second order difference equation is written as 

y(nT) = Ag x(nT) + Ay x(nT-T) + Az x (nT-2T) 
+B, y(nT-T) + By y(nT-2T) 


The z-transform of this difference equation is 


Eq (z) = AgEj(z) + Ay2-1E;(z) + Agz~2E, (z) 
+ Byz-1E,(z) + Bgz-2E, (2) 


Figure 6. Implementation of First Order 
Difference Equation. 


The transfer function is obtained by rewriting this equation as 


Eg (z) _ = Ao tAiz' +Agz-2 — Agz2+Ayz+Ao (26) 
Ej (z) 1- B,z-1 - Boz-2 Ze = Byz ~ Bo 


This transfer function can be implemented as shown in 
Figure 7. 


Difference Equation Summary 


The first and second order difference equations, their z-trans- 
form functions, and their circuit implementations serve as 
illustrative examples of the equivalence of the mathematical 
description and the hardware associated with digital filters. 
Since the z-transform is equal to the Laplace transform by 
means of the substitution z = esT, the first and second order 
implementations are mathematically related to s-plane transfer 
functions. A great wealth of information for design and syn- 
thesis of analog filters using Laplace transforms is available 
in the literature. It is therefore possible to use these procedures 
to design an equivalent analog transfer function, then trans- 
form this function to the z-plane and implement an equivalent 
digital filter using an appropriate configuration. 


DIGITAL FILTER CONFIGURATIONS 


If the output y(nT) of a digital filter is a function of the 
present and past input samples, the filter is termed non- 
recursive. That is, all B; of the general difference equation 
and zero. (Reference equation 27). If the past output samples 
are included in the algorithm, then the digital filter is termed 
recursive. 


Canonical Forms 


There are three canonical forms of realizing a general recursive 
digital filter. These are the direct form, the cascade form and 
the parallel form. 


In the direct form the output sequence is calculated by 

implementing the difference equation directly. Since the 

general equation is 
N 

y(nT) = > 

~1=0 


M 
A; x(nT=iT) + © BpytaToin) 
i= 1 


(27) 


E, =F) +B,z-'Eyx + Boz~2Ex 


Ey = AgEx + Ay z71 Ey + Aoz~2Ex 
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Figure 8. Direct Canonical Form. 


the direct form digital filter takes the configuration of Figure 
8. Figure 9 depicts another configuration of the direct canonic 
form in which the memory elements (z-1) are shared by the 
feedback and feedforward loops. This direct form suffers from 
the fact that the pole locations are extremely sensitive func- 
tions of the coefficients B; for higher order filters’, This 
directly affects the precision required for the entire digital 
filter. 


in the cascade form the digital filter is implemented from the 
transfer function written as a product of factors. 


Ky 
HT (1 +ajz7! + bjz~2) 
i=1 
H =A 
(z) K (28) 
IH (1+¢,z7! + djz-2) 
i=1 
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This configuration consists of a series of lower order filters 
connected in cascade as shown in Figure 10. The pole coeffi- 
cients c; and d; are not nearly as sensitive as the direct 
figuration*. Therefore, this form is especially practical for 
higher order filters. 


The parallel canonical form is implemented by writing the 
transfer function as a sum of partial fractions. 


E 


This configuration consists of a group of lower order filters 
each operating on the input signal with the output of the 
parallel bank of filters summed together as in Figure 11. 


a; + bjz7! 


H(z) = Ag + ———— 29 
° 1+0¢,z71 ae] 22) 


2 
i=1 
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Figure 9. Direct Canonical Form With Feedback and Feedforward Loops Sharing the Same Memory. 


Figure 10. Cascade Canonical Form. 


Other Configurations 


Figure 12 illustrates a recursive one-pole, one-zero building 
block while Figure 13 represents a recursive two-pole, two- 
zero building block. In these structures, the B; determine the 
pole locations in the z-plane while the A, determine the zero 
locations in the z-plane. 


A general recursive two-pole building block with the z-plane 
transfer function is shown in Figure 14. 


It is apparent that many digital filter configurations can be 


designed. Each configuration has properties that may or may 
not be desirable depending on the particular application. Thus, 
each application must be treated individually and it is difficult 
to generalize that one configuration is always superior. 


SYNTHESIS TECHNIQUES 


There are three transform techniques that find the greatest 
application in the design of digital filters from continuous 
transfer functions. These are the standard z-transform, the 
bilinear z-transform and the matched z-transform. 


Figure 11. Parallel Canonical Form. 


Figure 12. Recursive One-Pole Structure. 


Standard Z-Transform Method 


The standard z-transform, also known as the impulse invariant 
technique, utilizes the partial fraction expansion of the con- 
tinuous filter transfer function. This transformation preserves 
the impulse response of the sampled continuous filter and is 
best suited for low-pass and band-pass applications. 


In using this technique the Laplace transform partial fraction 
expansion terms are replaced by the appropriate z-transform 
terms. The substitutions used are shown in Table 1. 


From this it is seen that the standard z-transform technique 
gives a transfer function of the form 

K L 
H(z}=Ap + > 


i=1 


aj 


ee + 
1-b,z-1 . 
[qa 


aj + biz! 
aE area (30) 
1 e277! a djz-2 


where any of the above’coefficients may be Zero. 


Thus, the coefficients are defined uniquely and the digital 
filter can be implemented directly using one-pole and two- 
pole building blocks in the parallel canonical form as described 
in the previous section. 
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Bilinear Transformation Method 


The bilinear z-transform is an algebraic mapping transformation 
utilizing the substitution 


_ 2(1-2z71) 


s= Tart) (31) 


This transform maps a sampling interval from ~—jw,/2 to +jw,/2 
in the s-plane onto the unit circle in the z-plane. It should be 
noted however, that this transform does not yield a linear map 
as does the substitution z = eSt; that is, a non-linear warping of 
the frequency scale in the z-plane results. The magnitude of 
this warping is given by 


Wa = 2 Tan (227) 
T 


5 (32) 


where Wa =s-plane frequency 


Wp = z-plane warped frequency 
In searching the literature on the bilinear z-transform;:4:5 


another substitution is presented that is very similar to equa- 
tion 31; that is 


Sie ial. (33) 
z+1 

with the warping function given as 

wa > Tan ("2") (34) 


Occasionally this causes confusion since the units are not 
the same. In practice, however, both substitutions yield the 
same pole-zero configuration since the w/T terms will factor 
and cancel. This is best understood by making the respective 
substitutions in a general transfer function for a complex 
pole-pair such as 


w2 
s2 + 26wst+w2 


(s) = (35) 


and comparing the z-plane pole positions that result. 


When using the bilinear z-transform care must be taken when 
the break frequencies are near the half sampling frequency. An 
illustration of this fact and an appreciation of the warping re- 
quired is best illustrated by an example. Table 2 shows various 
digital filter break frequencies and the required warped analog 
frequencies for a 1000 Hz sampling rate. Figure 15 shows 
graphically the non-linear frequency scale mapping of the 
bilinear z-transform. 


Thus the bilinear z-transform is a powerful tool in digital 
filtering and may be utilized with either the partial fraction — 
expansion or the rational fraction form of the Laplace transfer 
function. It is especially useful in MTI radar filters since the 
break frequencies of the high-pass and band-pass filters used 
are normally very low compared with the sampling frequency. 
This means that the warping is very small and the digital design 
very closely approximates the analog design. 


Matched Z-Transform 


The matched z-transform is somewhat of a compromise 
between the standard and bilinear z-transforms. It is an ex- 
ponential mapping transform which gives a z-plane transfer 
function with poles and zeros matched to those of the 
continuous function. 


Real poles or zeros are mapped using the substitution 


s-a> 1—-z teal (36) 
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Figure 13. Recursive Two-Pole Structure. 


(M + AB) }1- 


A+B+MN 
M+ AB 


TES sf tee tn oy 
M+ AB 


1—(N+C+AD)z71 + (NC + D)z72 


Figure 14. General Two-Pole Building Block. 


while complex poles or zeros are mapped using the substitu- 
tion 

(s-a)2 +b2 > 1-2z-1e8l Cos(bT) + 2-2e2aT (37) 
The resulting z-plane transfer function is normally factored 
into numerator and denominator polynomials that are easily 


implemented using one and two-pole building blocks in the 
cascade canonical form. 


The matched z-transform yields the same pole configuration 
as the standard z-transform; however, the zero configuration 
may require some modification to give satisfactory results. 
This usually entails the addition of zeros at the half sampling 
frequency (z= —1) to give the desired result.8 


Standard z-Transform Substitutions. 


TABLE |. 
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z sin (WoT) 
z2 — 2z cos(woT) + 1 


Ww, t ee EE 


z(z — cos (WgT)) 
z2 —~2z cos (WoT) + 1 


TABLE II. Digital Filter Warping Relation. 


1 
fa => tan (7fpT) T = 1073 seconds 


Desired 
Digital Filter 
Break Frequency 
fp 
Hz 


Prewarped 
Analog Frequency 


fa 
Hz 


tan (7fp T) 
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Figure 15. Bilinear z-Transform Frequency Scale Warping. 
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DIGITAL FILTER DESIGN 


By John R. Mick 


There are several important considerations in determining 
parameters for the design of a digital filter. Many trade-offs 
exist in the selection of configuration, arithmetic, memory 
type, A/D converters, D/A converters etc. Some of the key 
parameters are examined here. 


The most important single item in the digital filter design is 
the selection of the configuration. Because of this, an analysis 
of both a two-pole filter section and a single-pole filter section 
are presented here. The analysis concentrates primarily on the 
high-pass filter characteristics; however, it can also be per- 
formed on band-pass or low-pass recursive digital filters. 


COMPLEX POLE ANALYSIS 


Since the implementation of many digital filters is typically a 
cascaded combination of two-pole sections composed of com- 
plex conjugate pairs of poles, it is important to examine this 
case in detail. The z-transform analysis of a normalized 
complex conjugate pair of poles in the s-plane follows and 
reveals several important equations for the design of digital 
filters. 


Assume a general two-pole transfer function of 


K 


7 ee fee 
(s) (s—s1) (s—so) 


where s1 = (-x + jy) w, 
$9 = (-x —jy) Wg 
such that these poles lie on a normalized unit circle in the s- 


plane and are scaled to their actual analog radian frequency 
by a multiplier wy as shown in Figure 1. 


Substituting s; and sg into H(s), the transfer function is 
K 


poe ae a (2) 
(s + xwa)2 + (ywa)? 


H(s) = 


Expanding the denominator of this transfer function and 
remembering that x2 + y2 = 1, the resultant transfer function 
becomes 


K 
H(s) = ———________ (3) 
s2 + 2xwas + wa2 
This is similar to the usual textbook equation of 
Kow,2 
G(s) = — (4) 


s2 + 2>wrs + Wp,2 


Clearly, x is equivalent to ¢ (zeta), the damping ratio, and wg 
is equivalent to Wy, the resonant break frequency. 


Since equation 3 describes a continuous analog function and 
since a digital filter usually is Operating as a sampling system 
with a zero-order hold in the video channel before the filter, 
this continuous function is transformed to the z-plane for 
easier algebraic manipulation. Since high-pass filtering is to be 
described, the equivalent form of the bilinear z-transform iS 


5-12 


s-plane 


Figure 1. General Two-Pole s-Plane Plot. 


used. Note that in a low-pass filter section, the zero locations 
do not affect the pole locations. This form uses the substitu- 
tion, s = (z ~1)/(z + 1). The z-plane transfer function becomes 


K (z+1)2 
H(z) = ae (5) 


ae 


where a gain multiplier factors from the transfer function when 
it is put in standard form. The poles in the z-plane are 


1 —-Wa2 + j2waV'1 ~—x2 
1+ 2xw, +w,2 


1+2xwatw, 1+2xwa+wa2 


Z1,22 = (6) 


Also, it is important to recognize that when using the bilinear 
z-transform, the analog radian break frequency wa must be 
prewarped by the relation 


Wp I (7) 


Wa = tan( a tan (1fipT) 
where fp is the desired break frequency of the digital filter and 
T is the sampling interval. The prewarping is a function of the 
sampling rate which means that as the sampling rate is changed, 
the pole locations of the transfer function change. The transfer 
function derived in equation 5 is equivalent to the z-transform 
of a second order difference equation. This difference equa- 
tion is 

— Ag tAyz-1+Agz-2 


H(z) 
1-B,z-1 -Byz-2 


(8) 


which can be rearranged to eliminate Az and the variables 
renamed for convenience as 


B+ Az-14+ 7-2 Bz2+Az+1 


H(z) = = (9) 
1 -Cz-1 + Dz-2 z2-Cz+D 
The DC gain (z = 1) of this transfer function is 
+A+t+ 
DC Gain= @[ 7A 1 (10) 
1-C+D 
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B+Az—~!+27-2 
1—Cz~! + D272 


Figure 2. Canonical Two-Pole Digital Filter Implementation. 


Implementation of this transfer function is shown in Fig- 
ure 2. 


This analysis results in the general z-plane transfer function of 
equation 5 that is equivalent to the general s-plane transfer 
function for a complex conjugate pair. The transfer function 
of equation 5 determines the numerical values for the multi- 
pliers in the digital design and yields a digital filter that is 
equivalent to its analog counterpart. 


INTERNAL MAGNIFICATION — CANONICAL FORM 


The internal magnification within the digital filter building 
block is analyzed to determine the number of additional 
storage bits that must be provided in memory over and above 
the input quantization number of bits. This is accomplished 
by deriving the internal transfer function at each memory input 
(or output) and computing the peak magnification expected. 
Also, by setting z = 1, the DC magnification is determined. 


The internal transfer function at the memory output within 
the filter of Figure 2 is 


Bie eee oe | (11) 
E; 1 -Cz-1 + Dz-2 z2 -Cz+D 


The magnitude squared of this internal transfer function Is 
computed by multiplying the denominator polynomial by its 
complex conjugate. That is 


2 1 


Ea 
(z2 -Cz+D) (z*2 ~Cz* +D) 


E; (12) 


which results tn 
2 1 


Ea 
—— ee ——_ (1 
1+C2+D2+2D cos (2wT) -2C(D+ 1) cos(wT) 


Ej 


3) 


Differentiating the denominator with respect to w and setting 
the result equal to zero yields 


d(DENOM) 


dw 


=0=+2TC(D+1) sin(wT) -4DT sin(2wT) = (14) 


Thus, the frequency at which the peak internal magnification 

is reached is 

C(D + 1) 
4D 


cos(wT) = <1.0 (15) 


1 C(D + 1 

f= cos”! eS (16) 
2aT 4D 

Computing the peak magnitude at this frequency using the 

squared magnitude function yields 


Se eee (17) 


i 2 
( -—) (1 -D)? 
4D 


which is the maximum magnification within this two-pole 
building block. One extra bit must be provided in both 
memories of this filter for each factor of two or fraction 
thereof as computed in this magnification for stable operation 
of the filter. Figure 3 shows the upper right hand quadrant of 
the z-plane, with contours of constant magnification factor, 
M, (same as Ma) plotted thereon. The lower right hand 
quadrant is the mirror image of this plot since the poles appear 
as complex conjugate pairs. 


En 


M = 
ee 


The pole locations as seen from equation 11 for the internal 
transfer function of this filter are 


C vice — ADI 


71172 5 as 5 (18) 


NORMALIZED IMAGINARY POLE POSITION 


0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 


NORMALIZED REAL POLE POSITION 


M=Ma of equation 17 


Figure 3. Peak Gain of Canonical Two-Pole Digital Filter 
for Pole Position in the z-Plane. 
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where |4D| > |c2| 


A typical plot of these poles is shown in Figure 4. As these 
poles are moved toward the point z = 1 in Figure 4, the break 
frequency of the filter is lowered with respect to the sampling 
rate. From this, it can be seen that the real part of the pole 
is approaching 1.0; thus, the value of C is approaching 2.0. 
Likewise, the imaginary part of the pole is approaching 0.0; 
thus, the absolute value of C2 —4D is approaching zero. Since 
C is near 2.0, D is approaching 1.0 for this condition. When 
these values of C = 2 and D = 1 are inserted into the maximum 
magnification equation, it is found that the peak value goes 
to infinity. This is easily checked by looking at the DC gain of 
the internal transfer function by substituting z = 1; it is 


En 1 
M —— ee 19 
OE pig=4 ToCEeD 2) 
and for C = 2.0 and D = 1.0 is found to be infinite. The 


internal DC magnification for this two-pole building block 
is plotted as a function of pole position in Figure 5 for the 
upper right hand quadrant of the z-plane. The lower right 
hand quadrant is the mirror image since the poles occur in 
complex conjugate pairs. 


z-plane 


Figure 4. Internal z-Plane Pole Location of Two-Pole Section. 


INTERNAL MAGNIFICATION—IMPROVED FORM 


The canonical form two-pole, two-zero building block yields 
an internal transfer function that requires an increasing number 
of extra storage bits as the cut-off frequency is lowered with 
constant sampling rate. As the cut-off frequency is designed 
nearer to zero, the required extra bits can easily be five or 
ten times the total input quantization number of bits. This 
has an almost direct effect on the cost of the processor. There- 
fore, it is essential that a configuration is found that minimizes 
the internal magnification. The digital filter shown in Figure 6 
has this characteristic. The improvement is provided by the 
zero that is in the internal transfer function. This tends to 
cancel the effect of the poles and greatly reduces the internal 
magnification. 


The analysis of the filter configuration of Figure 6 demon- 
strates the improvement realized. The overall filter transfer 
function is 


_1)2 
H(z) = —2 1) 


> (20) 
z“ -Cz+D 


The internal transfer function at the output of the first 
memory is 


Eg D+z(1-C) 
Ej z2-Cz+D 


(21) 
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M = Mp of equation 19 


Figure 5. DC Gain of Canonical Two-Pole Digital Filter 
for Pole Position in the z-Plane. 


Notice the DC gain of this memory element is not a function 
of the coefficient values but is 
Ep _D +1 -C _ 


ae (22) 
E; ~7-CtD~ 


z=1 


The frequency at which the peak magnitude within this part 
of the filter occurs is 


~(D2 + (1-C)2) | 
2D (1-C) 58 


V (D2+(1~C)? )2 -(1-C) [CD(C-3D) - C(1-C)2-D(1-D)2] 


2D (1-C) 


cos(wT) =a= 


cos! (a) (24) 


The peak magnitude reached at this frequency is (25) 


Mg -|2I- (1-C)2 + D2+2D(1-C) cos(wT) 
Ej (1-D)2 + C2 -2(C+CD) cos(wT)+4D cos2 (wT) 


Examining the transfer function Eg/E; shows that a discon- 
tinity exists at C = 1. Here the internal transfer function re- 
duces to 


(26) 


The peak frequency of H(z) for this condition can be deter- 
mined from 


(1+ D) 


cos(wT) = <1.0 (27) 
4D 
and the peak magnitude at this frequency is 
D 
(28) 


° core 


: / 1 
~D)2 (1 -—— 
(1-D)* (1 AD! 


The internal transfer function at the output of the second 
memory word of the filter in Figure 6 is 


(29) 


Filter 
Coefficients 


Real imag 


97 


.95 
94 
91 
84 
78 


DC 


17 
17 
17 
15 
.08 
12 


Canonical 
Magnification 
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improved Form 
Memory #1 Memory #2 


DC Peak DC Peak 
1.0 


1.0 
1.0 
1.0 
1.0 
1.0 


Peak 


Table 1. Magnification Examples 
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Figure 6. Improved Two-Pole Digital Filter. 


The DC gain (z = 1) of this memory element is zero—a marked 
improvement from the canonical form. The frequency at which 
the peak magnitude occurs in this memory can be computed 
from 


—-1+ 

cos(wT) =1#27 79 <1 (30) 
2VD 

the peak magnitude reached at this frequency is (31) 


i 2-2cos(wT) 
JV (1-D)2+C2-2(C+CD)cos(wT) +4D cos2 (wT) 


An example of the improvement offered by the filter in 
Figure 6 is shown in Table 1 where the results of several 
examples using these equations are tabulated. As a result of 
this analysis it is obvious that an improved form of filter 
configuration exists. The equations are readily programmed on 
a general purpose digital computer to assist in the design 
phase by carrying out the computations for various arith- 
metic coefficients. 


SINGLE POLE ANALYSIS 


For systems where an odd number of poles in the digital 
processor provides acceptable performance, at least one real 
pole is required in the digital filter transfer function. To 
analyze this condition consider the s-plane plot for a single 
high-pass section. A “zero” is located at zero and a “‘pole”’ is 
located at ~a on the real axis in the s-plane as shown in 


Figure 7a. The resultant s-plane transfer function for the 
high-pass section is 


S 
sta 


H(s) = (32) 


Using the equivalent bilinear form of the z-transform, the 
z-plane transfer function is 


Hia) = (5) 


and the pole and zero are plotted in Figure 7b. As in the two- 
pole analysis, the frequency scale must be prewarped due to 
the non-linear transformation to achieve the desired digital 
filter implementation 

D 


( ) 
2 


where a= design s-plane radian frequency 
Wp = desired digital filter cut-off radian frequency 


z~1 
z+ (a~1) 
(a+1) 


(33) 


1t+a 


(34) 


Figure 8 shows a one-pole, one-zero digital filter implemen- 
tation where the z-plane transfer function is 


z-1 


Mz) aac 


(35) 
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The coefficient C is determined from 
7 1-a 
1+a 


(36) 


If the overall transfer function gain of the digital filter is 
critical, a gain multiplier equal to 1/(1+a) must be placed after 
the single-pole section. The internal transfer function of this 
single-pole cell at the memory output E, is 


-1 = s 
BAZ) 2.22" 6)... Lae (37) 
E; (z) 


The peak gain occurs at DC for this filter and is computed by 
setting z = 1. For this filter configuration the DC gain is unity. 


s-plane 


Figure 7. Single-Pole s-Plane and z-Plane Plot. 


Figure 8. Single-Pole, Single-Zero Digital Filter. 


ARITHMETIC 


Once the digital filter configuration is selected, several other 
decisions must be made concerning the actual operations 
within this configuration. These decisions regarding the num- 
bering system, arithmetic, multipliers etc. influence each 
other; however, throughout this discussion they are considered 
independently. 


The first of these decisions is the binary number system used. 
Since the arithmetic to be performed by the digital processor 
includes addition, subtraction, and multiplication of both 


positive and negative numbers, the two’s complement number- 
ing system is the best binary representation system for real- 
time digital processors. The two’s complement representation 
is utilized throughout the digital filter as long as a bipolar 
numbering quantization scheme is required. 


The coefficient multipliers C, D and G of Figure 2 can be 
easily implemented using the Am25LS14 serial/parallel multi- 
plier. Likewise, the additions and subtractions required can be 
performed using the Am25LS15 quad serial adder/subtractor. 
The basic signal flow is shown in Figure 9. This figure is an 
oversimplification since it does not show all the timing and 
control as well as the delays required in the data path to 
enable the serial data to arrive at the appropriate adder inputs 
at the necessary sequence time. The figure does show the basic 
architecture required to implement the canonical two-pole, 
two-zero building block using the Am25LS14 and Am25LS15. 
Aliso the figure does demonstrate a key point. That is, the 
entire arithmetic section (assuming 8-bit coefficients) can be 
implemented using five AmM25LS14's and one Am25LS15; a 
significant hardware reduction compared to any other imple- 
mentation scheme. The delays, timing and control can be 
designed as required for each application. 


The hardware required to implement the improved two-pole, 
high-pass filter depicted in Figure 6 is demonstrated in Figure 
10. Here the required single flip-flop delay in the serial data 
path is shown. Thus all memories, multipliers, adder/sub- 
tractors and the D-type flip-flop can be clocked in unison and 
the LSB’s reach the data path inputs in synchronism through- 
out the algorithm. 


This two-pole, high-pass filter arithmetic section is imple- 
mented using only one Am25LS15 and two Am25LS14's for 
8-bit C and D coefficients. The memory length can be as 
required for the design accuracy of the application. This 
example assumes that the digital number range has the required 
dynamic range to handle the maximum expected magnifica- 
tion within the filter. Round-off, truncation, overflow etc. can 
be handled in other ways as required by the design. If round- 
off is required an additional adder section can be placed in 
front of the memory and plus one added at the appropriate 
bit to perform the rounding. A microprogrammed state- 
machine approach is recommended as the control means to 
provide the required input signals and timing. Likewise one 
section of an AmM25LS15 adder can be used to detect overflow 
if required. 


The single-pole, single-zero digital filter section as shown in 
Figure 8 can also be easily implemented using the Am25LS14, 
Am25L$15 and the serial memory as required. 


From these examples it is seen that the Am25LS14 and 
Am25LS$15 can be used to perform all multiplication, addition 
and subtraction required in a digital filter algorithm imple- 
mented in serial/parallel hardware. While not specifically dis- 
cussed in these examples, it should be recognized that the 
Am25LS22 and Am25LS299 are also applicable to the 
memory portions of the filters. However care must be exer- 
cised when using the sign extend feature of the Am25LS22 
so that data for the next cycle is not lost. 


For example the first memory (left hand side) of Figure 10 
can be implemented using a single Am25LS22 (8-bit trun- 
cated word). 


The second memory (right hand side), however, requires 
an Am25LS22 preceded by an Am25LS299 (or another 
Am25LS22) so that the data out of the first adder can be 
retained while the sign extend function is being performed 
in this memory. 
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Figure 9. Canonical Two-Pole, Two-Zero Recursive Digital Filter Using the Am25LS14 and Am25LS15. 


FILTER GAIN 


The s-plane transfer function for a complex pair of poles 
yields a z-plane transfer function from which a gain multiplier 
is factored as shown in equation 5 and is 


K 


1+2x Ww, tw, 96) 


While the K is in the initial s-plane transfer function assump- 
tion, the quantity 1/(1 + 2 x wg + Wa2) is a constant that must 
be recognized as it is usually greater than 1.0. This means that 
in the cascade two-pole, building-block approach, the maximum 
input dynamic range to each section is increasing by this 
quantity. Therefore a gain coefficient multiplier may be re- 
quired between each two-pole building block to reduce the 
input dynamic range to the original A/D converter output 
equivalent. Likewise the gain at any point throughout the 
filter can be modified if the designer desires using the gain 
multiplier approach. 


Another form of gain that must be considered in the cascade 
implementation is the order in which the two-pole sections are 
placed. It is desirable to place the over-damped poles first in 
the cascade configuration followed by the under-damped poles. 
The reason for this requirement is that the under-damped pole 
pair transfer function has gain at or near the pole pair cut off 
frequency and thus the input dynamic range to the next cas- 
caded section is magnified. 


OTHER CONSIDERATIONS 


In addition, there are other areas the designer can investigate in 


detail while designing digital filters. The most notable of these 


is the response of the filter to internal and external noise. It is 
not the intent of this application note to develop the general 
theory of noise in digital filters since to some extent that 
already exists in the literature !-2-3,4,9- 


Another consideration regards the A/D converter. The dynamic 
range of the A/D converter is selected as required where each 
bit provides six db dynamic range. The variance of the quan- 
tization steps (noise) associated with the A/D converter can 
be shown5 to be 


(4-1) 


where E is the quantization step. If the A/D converter is 
selected as having eight bits, E2 has 48 db range and the 
quantization noise power is a factor of 12 (11 db) below 
this level. 


Also of importance is the noise due to the multiplication 
truncation effect, sometimes called the ‘‘deadband” effect. 
Basically this noise causes the internal values within the 
filter to terminate prematurely. That is, the same steady-state 
value is not reached as could be reached if infinite-precision 
arithmetic is used. The easiest demonstration of this effect is 
to examine the actual hardware response (or computer simula- 
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Figure 10. Two-Pole, High-Pass Recursive Digital Filter. 


tion) of a high-pass filter to an impulse input. After several 
iterations the filter will ‘hang up” as the edge of the deadband 
is reached. Thus it will not decay to zero as might be expected. 


Another effect which can sometimes result with a constant 
input is that a small steady-state oscillation can occur. Typically 
this behavior occurs as a low amplitude square wave with 
frequency of PRF/2. The cause of this oscillation is due to 
noise components which are introduced at the various multi- 
pliers within the filter each time the algorithm is iterated; the 
filter then magnifies the component at PRF/2. 


These intricacies demonstrate the need for exhaustive com- 
puter simulation of the filter, once designed, to insure opera- 
tion as desired. Simple Fortran math model programs that 
allow multiplier and memory truncation as well as A/D quan- 
tization effects to occur can quickly demonstrate the various 
characteristics of the filter. 


TEST EQUIPMENT 


One of the most important areas the digital designer must 
make provision for in the design of a digital filter is the 
ability to test the various components of the filter (adders, 
multipliers etc.) after the hardware is constructed. Two tech- 
niques can be applied in this application where each gives a 
partial testing capability. These two techniques are static 
testing and dynamic testing using special purpose test equip- 
ment. 


The digital filter should be designed to provide easy access to 
test points that contain data lines to all of the bits in a com- 
plete word. In this manner the complete word including sign 
is available to the special test set which contains both static 
readout capability and dynamic readout capability. 


Provision should be made in the design to allow any dynamic 
memories to be replaced by static memories. Thus the digital 
filter can be “single stepped’’ such that the outputs of the 
multipliers and adders can be monitored on readout devices 
such as lamps or octal display tubes. These readouts can be 
checked against a computer printout of an exact simulation of 
the digital filter and the test set. This gives the capability of 
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tracing any defective components or wiring errors in the 
equipment. Manual switches are used to enter data into the 
filter and then the filter ‘stepped along.’’ The corresponding 
Output states are observed to demonstrate that no deviation 
occurs from the computer tabulation. This is equivalent to 
checking either the step response or the impulse response of 
the filter in slow motion depending on the input switch 
manipulation. 


In dynamic testing, digital-to-analog (D/A) converters within 
the test set can be plugged into the same test points as used 
in the static mode. The output from the D/A converter is an 
analog signal viewable on an oscilloscope. Thus, the operation 
of the filter at various points can be checked at normal 
operating frequencies and the results observed to determine 
compliance to the desired performance. In the dynamic mode, 
the step response, impulse response or Bode response can be 
determined. 


It is important in working with digital filter designs to have a 
comprehensive test plan included as part of the design. If this 
is not done, it is almost impossible to ‘‘trouble-shoot’’ such a 
complex piece of equipment and the desired operation may 
never be completely verified. 
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AIRBORNE MTI RADAR- 
A Digital Filter Application Example 


By John R. Mick 


A typical non-coherent airborne MTI radar system is shown 
in Figure 1. This system transmits an RF pulse of width 7 at 
a carrier frequency of fg that has a wave length A. The receiver 
output is a video signal representing the echo return power 
of the ground patch that is defined by the antenna beam 
width, transmitter pulse width, and depression angle from the 
aircraft. This received signal contains both the fixed-target 
and moving-target information from each range cell. The 
fixed-target return is termed ‘‘clutter’’ since it represents 
the unwanted signal. The moving-target echo causes a doppler 
frequency envelope on the received signal and this doppler 
frequency is 


cos (6) 


doppler frequency in Hz 
velocity of target in m/sec 
wave length of transmitted frequency in m 


angle between radar antenna boresight and target 
velocity vector 


The MTI processor detects the moving-target doppler in the 
received video signal while rejecting the fixed-target clutter 
return by using a range-gated, high-pass filter. The term 
“‘range-gating’’ refers to the technique of applying individual 
segments of ground patch echo to corresponding individual 
high-pass filter elements. The range-gated processor can extract 
moving-target echos from the clutter return even if the clutter 
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Figure 1. Typical Non-Coherent Airborne MTI 
Radar System. 
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echo is 20 or 30 db greater than the moving-target echo 
signal.’ The output of the MTI processor is displayed on an 
appropriate display such as a cathode ray tube or solid state 
display. 


“Clutter is distinguished from receiver noise by its relatively 
narrow, low-frequency spectrum, which implies that these 
echoes are correlated from one sample to the next. Because 
of this property it is possible to reduce the effects of clutter 
with filters that reject energy at the clutter frequencies but 
that pass the doppler-shifted echoes from targets having higher 
velocities than the clutter. A processor that distinguishes 
moving targets from clutter by virtue of differences in their 
spectra is called a moving target indicator or simply MTI!"6 
The clutter spectral spread is effected by aircraft motion, 
antenna scanning, and radar imperfections. Radar imperfec- 
tions include transmitted frequency change, amplitude 
modulation of the transmitted pulse, pulse width jitter, and 
time jitter between the trigger pulse and transmitted pulse. 
Also, the clutter is effected by wind effects on the surface 
terrain foliage such as trees and bushes. 


The presence of a moving target within a range resolution cell 
causes an amplitude modulation of consecutive returns in that 
cell. A resolution cell has the width of the ground surface 
illuminated by the antenna azimuth beam width, and the 
length determined by the range resolution of the radar. After 
many returns, the resolution cell has an output waveform 
envelope defined by the moving-target doppler frequency fg 
described by equation 1. The output spectrum after the 
envelope detector in the receiver is shown in Figure 2. Here, 
the video spectrum for a single cell consists of a large clutter 
return along with a moving target return. 


Because of the spurious sidebands produced by the sampling 
process, the clutter spectrum is imaged at all integer multiples 
of the sampling rate, also known as the pulse repetition fre- 
quency (PRF). Due to the envelope detection process of the 
intermediate frequency (IF) signal, all doppler frequencies 
are found to be “‘‘folded”’ into the positive frequency range 
from DC to one-half the sampling rate (PRF/2). In addition 
the moving-target spectrum is found on each side of the clutter 
spectrum at all integer multiples of the PRF. 
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Figure 2. Receiver Output Spectrum. 


Airborne MTI Radar 


DELAY LINE CANCELLERS 


The amplitude response for these cancellers is 


Historically, the first MTI detection device used to extract 


the moving-target doppler echo in the presence of clutter was 
the delay line canceller. Usually, it consisted of an analog 
delay line length T = 1.0/PRF seconds and a subtractor as 
shown in Figure 3. 


DELAY LINE 


Figure 3. Single Delay Line Canceller. 


Here, successive returns of the radar from the same range cell 
are subtracted resulting in an output that is equal to the pulse- 
to-pulse fluctuations of the radar return. Since fixed targets 
have a constant amplitude return, the output is zero in the 
ideal system. When a moving target is added, there is a 
variation of return amplitude from pulse to pulse as defined 
by the doppler frequency envelope; thus, an output related 
to this variation results from the delay line canceller for this 
range cell. 


The amplitude response H(f) for the single delay line canceller 
is 


IH(f)| = Klsin (1Tf)I 


where T is the sampling interval, f is the input frequency, and 
K is a gain constant. Thus the delay line canceller has a 
transfer response that is a function of the inter-pulse period 
and is zero at DC and integer multiples of the PRF as shown 
in Figure 4. 
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Figure 4. Frequency Response of Single-Delay-Line 
Canceller and Double-Delay-Line Canceller. 


A double delay line canceller can be used to increase the 
clutter rejection of an MTI system. Figure 5 shows two equiv- 
alent forms of a double delay line canceller. The z? notation 
is the unit delay operator and refers to a delay equal to one 
interpulse period of the radar. Each canceller has the transfer 
function 


7 (z-1)2 
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IH(f)| = K, Isin? (wT) | 


(b) Three Pulse Comparison 


Figure 5. Double Delay Line Canceller. 


As is seen, the double delay line canceller has a sine-squared 
response rather than the sine response of a single delay line 
canceller as shown in Figure 4. As a result, a greater attenua- 
tion of the clutter spectrum is realized. It is possible in theory 
to combine three, four or more delay lines in various configu- 
rations to give multiple zeros at the origin in the s-plane. 
However, these become very difficult to implement since 
very slight changes in delay time cause significant reductions 
in cancellation. Even the double delay line canceller is difficult 
to implement reliably. 


ANALOG RANGE-GATE FILTER 


The analog range-gated filter represents a more sophisticated 
radar technique for separating moving target returns from 
fixed target returns by detection of the doppler shift in 
frequency due to the target motion. The combinations of a 
moving target or targets with a larger fixed target within a 
resolution cell causes an amplitude modulation of consecutive 
returns from that cell.7 


A block diagram of a simple analog range-gated filter is shown 
in Figure 6. Here input switch S,; and output switch S, are 
closed simultaneously for a period equal to the radar pulse 
width 7. 


This causes the radar echo return for the range cell to be 
stored on capacitor C1. The final voltage on Cz each time 
switch S71 closes, is equal to the instantaneous value of the 
radar video input at the end of each sampling interval 7. 
Therefore, the input switch and capacitor form a zero order 
hold circuit. After input switch S41 is opened, the analog 
voltage equal to the return echo will remain as an input to 
filter number one. At the same time, the output switch S, 
applies the present output of the filter to the output line. 
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Figure 6. Simple Analog Range-Gated Filter. 


At the instant switches S1 are opened, switches S92 are closed 
for 7 seconds and action similar to that described above 
takes place. Likewise, when switches S9 are opened, switches 
S3 are closed and this continues sequentially until switches 
SN are activated. 


As is seen, each filter element receives radar echo return 
from successive range cells approximately equivalent of c7/2 
in range since a two-way trip is required for the radar energy 
and where c equals the speed of light. Thus each analog filter 
is gated to receive a small range patch of radar echo return; 
thereby, the name analog range-gated filter is derived. 


One important aspect of this type of MTI system is that since 
the filters are time multiplexed, the resolution cells are essen- 
tially independent. However successive returns are highly 
correlated since they represent echoes from essentially the 
same ground patch. The filter element used to extract the 
moving target doppler is designed to provide a very sharp 
rejection of the clutter spectrum while providing near uniform 
gain to the widest possible band of frequencies containing 
moving target echoes. This is accomplished with a sharp cut- 
off high-pass filter, usually with at least 24 db per octave 
attenuation. The amplitude response of the filter in one 
element of a range-gated filter is shown in Figure 7 and is 
compared with the response of a single delay line canceller. 


There are many variations that can be derived from the basic 
analog range-gated filter shown in Figure 6. These include 
input and output multiplexing schemes to reduce switching 
speed requirements, various analog filter cut-off frequency 
control techniques to allow the widest possible acceptance 
band for moving target frequencies as determined by the 
spectral spread of the clutter return, etc. Each configuration 
is still basically a device to separate the moving-target signal 
spectrum from the fixed-target signal spectrum. 
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DIGITAL RANGE-GATED PROCESSOR 


A digital range-gated processor is a highly sophisticated radar 
technique for extracting moving target echoes. The digital 
range-gated filter performs the identical function as the 
analog range-gated filter; however, the hardware implemen- 
tation of the two types of filters is notably different. 


A block diagram of a simple digital range-gated processor 
is shown in Figure 8. Here input switch $1 is closed for 7 
seconds to store the final instantaneous value of the radar 
return echo voltage for the first range cell on capacitor C1. 
When switch S1 is opened switches Sz and S3 are closed. The 
second range cell video return is stored on capacitor C2. Thus, 
switches $1 and S3 along with capacitors Cj and C2 provide 
two first order hold circuits. Meanwhile switch S92 applies the 
voltage on Cy to the analog-to-digital (A/D) converter. In the 
A/D converter the analog voltage is quantitized to a binary 
number representation. After 7 seconds, S? and S3 are opened 
and Sz and Sq are closed resulting in similar action. This 
process of alternating the Sj, Sq pair and the S9, S3 pair 
continues until the desired range is covered by the processor 
and each resolution cell echo return in quantized. 


The binary output from the A/D converter is applied to the 
digital filter which, in effect, consists of N individual filters 
as in the previous analog example. Here, however, the arith- 
metic circuitry is implemented only once and is time shared 
among all filter elements in the processor. This is easily 
achieved since the individual filters operate sequentially. The 
output of each individual filter element is applied sequentially 
to the digital-to-analog (D/A) converter resulting in a con- 
tinuous video MT! output synchronous in range with the 
radar video input. 


One of the key advantages of the digital filter is that the 
arithmetic operations are all handled by the same hardware 
for each filter cell. This means each individual filter element 
has exactly the same transfer function. That is, each has 
exactly the same mid-band gain, cut-off frequency, and attenu- 
ation. In the case of individual analog filters, amplifier gains 
tend to differ and component values vary initially as well as 
with temperature and age. 


A digital memory word is required for each pole of each cell 
in the range-gated processor and no sharing is possible. The 
analog equivalent of this is the storage supplied by capacitors 
and inductors, since these are the components that provide the 
terms (sL and 1/sC) associated with the poles in the Laplace 
transfer function. Many additional advantages of the digital 
filter approach to MTI radar exist. These will become apparent 
as the design criteria are examined in more detail. 
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Figure 7. Spectral Response of Filter Element. 
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Figure 8. Simple Digital Range-Gated Processor. 


SUMMARY 


Chronologically the delay line cancellers were the first MTI 
detection devices for pulse-doppler radar systems. An im- 
provement in detectability was added to the system by the use 
of the analog range-gated filter. This improvement is related 
to the sharper filter cut-off characteristic which increases the 


The most recent improvement in MTI radar processors is a 
result of the digital implementation of the range-gated 
processor. The improvement is provided by several features 
inherent in the digital filter design. These include: the uniform 
gain provided by all cells of the processor, the ability to move 
the cut-off frequency to various points near the clutter 
spectrum, the freedom from variations due to parts aging, 


and the reduced size and power afforded by arithmetic 
time sharing. 


rejection to clutter. Likewise, additional canceller gain is 
supplied to the doppler signal from slower moving targets. 
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Understanding Booth’s 
Algorithm in 2’s Complement 
Digital Multiplication 


By John R. Mick 


INTRODUCTION 


At the present time, digital machines perform multiplication 
using either serial techniques, serial-parallel techniques, or 
all-parallel techniques. The multiplication speeds can be very 
slow to very fast depending on the exact hardware imple- 
mentation used and the hardware constraints imposed. 


The Am25LS14 can be used to perform multiplication of 
2's complement numbers with a minimum of hardware. The 
The new Am25LS14 provides the capability to perform very 
high speed direct hardware multiplications and is especially 
suited for real-time digital processing applications. This device 
will find applications in minicomputers, recursive or non- 
recursive digital filters, Fast Fourier Transform processors, 
adaptive digital integrators and many other digital implemen- 
tations of special arithmetic algorithms. 


MULTIPLICATION DEFINITION 


According to Webster’s Dictionary, multiplication is ‘’a math- 
ematical operation that at its simplest is an abbreviated proc- 
ess of adding an integer to itself a specified number of times 
and that is extended to other numbers in accordance with laws 
that are valid for integers.” This definition is particularly 
appropriate for binary numbers in that all hardware binary 
multiplication schemes make an ‘‘add’’ or ‘‘no-add” decision 
and maintain the ‘weighting’ rules of binary numbers. The 
two numbers involved in the operation are usually called the 
multiplicand (the number to be multiplied) and the multiplier 


~ (the number that multiplies) with the result being called the 


product (later in this application note the partial products or 
partial sums will be important). 

Binary multiplication is performed as in the following four 
digit example. The terms X and Y are: 


X = x9(20) + x4(24) + x9(22) + x3(23) 
X = xg(1) + x4(2) + x9(4) + x3(8) 
Y = yol1) + y4(2) + yo(4) + y3(8) 


where x; and y; can assume a “0” or “1” value for i = 


0, 1,2 o0r3. 
if X is the multiplicand and Y is the multiplier, the product S 
of X°Y is 


S = X* Y = vol) [xg(1) + x4(2) + xol4) + x3(8)] 
+ y4(2) [xg(1) + x4(2) + xg(4) + x3(8)] 
+ y9(4) [xg(1) + x4(2) + x(4) + x3(8)] 
+ ¥3(8) [xg(1) + x4(2) + x9(4) + x3(8)] 


In the above example, it can be seen that three additions are 
required to generate the product S of XY; the first two of 
these are usually called partial products or partial sums. In 
order to examine the weighting of the binary numbers in the 
above example, the complete partial product solution is shown 
in Figure 1 and the weights of the x terms and y terms have 
been combined. 


Multiplicand x3(8) + xX_(4) + x4 (2) + xg (1) 
Multiplier y¥3(8) + Yo(4) + ¥4(2) + YQ (1) 
x3Vg (8) + x2¥g (4) + x4¥Q (2) + xQ¥QlT) 

X34 (16) + XOV1 (8) + x4¥4 (4) + XoV1 (2) 


i 


Carry (32) + ~~ Psq (16) + Psq (8) + Psy (4) + Psy (2) + Ps (1) 
X3Y9 (32) + X9Vq (16) + x4Vq (8) + XQvg (4) 
Carry (64) + Pss (32) + Psy (16) + Ps3(8) + Ps5 (4) + Psq (2) + Psq (1) 
X3V3 (64) + X9V3 (32) + x4¥3 (16) + xo¥3 (8) 


i 


s7(128) + sg(64) + s5(32) + sq(16) + 838) + = sol) + 84 (2) + Soft) 


Figure 1. Multiplication of Two Unsigned 4-bit Numbers X and Y. 
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The s7(128) term represents the carry out of the final sum- 
mation. As is seen, the multiplication of two 4-bit unsigned 
words results in an 8-bit product. This can be extended to a 
general statement; that is, the multiplication of a m-bit un- 
signed number with a n-bit unsigned number gives am +n bit 
resultant unsigned product. This number may be truncated of 
course and rules will be given later for determining the result- 
ing accuracy when the hardware is being reduced. 


It should be recognized that the product terms associated with 
Yo and y4 can be added in one adder and the product terms 
associated with yg and y3 can be added in a second adder at 
the same time; thereby giving two partial products after one 
adder propagation delay time. These two partial sums can then 
be added in a third adder to give the resultant product of 
the multiplication. 


One technique for reducing multiplication time that is pres- 
ently being used in serial and serial-parallel multipliers is to 
ignore addition when the multiplier bit is a logic ‘’0."" When 
this is done the number of terms to be added is equal to the 
number of 1’s in the multiplier word. This method can be ex- 
tended in such a way that strings of 1’s can also be ignored— 
this leads to an important new technique for performing high 
speed multiplication. This technique will be discussed in 
greater detail later. 


Two’s Complement 


Decimal 
Number 


“= RKP PF KH ew rP rw np cdododrnedncedaoaooooo 
om" O - OfFor OoOofrFro-e OoO-FA oO = 


oor, - Oo Ba OOF Sasa OO = a= 


1 
1 
1 
1 
0 
0 
0 
0 
1 
1 
1 
1 
0 
0 
0 
0 


Figure 2. Full Definition of a 4-bit Two’s Complement 
Binary Number. 


5-24 


TWO’'S COMPLEMENT NOTATION 


This section is presented as a quick review of the two’s com- 
plement numbering system and is intended to give insight for’ 
the designer not familiar with two’s complement notation. The 
two’s complement numbering system is a technique for de- 
scribing positive and negative numbers in a convenient no- 
tation. When contrasted with other numbering systems such 
as sign-magnitude and one’s complement, it has the advantage 
of only having one representation for the number “‘zero.”” Also, 
two’s complement numbers can be added or subtracted with- 
out concern for the sign of each number as the result will be 
correct in two’s complement notation. 


In 2's complement notation, the sign bit is a logical ‘‘0” for 
positive numbers and a logical ’’1’’ for negative numbers. Four 
bits may be used to represent the numbers +7 to —8 as shown 
in Figure 2. Notice that the sign bit does carry magnitude 
information that has a negative value. 


From this example, it is readily apparent that the magnitude of 
the negative numbers is not represented by its associated 
magnitude bits if the sign bit is ignored as is the case for the 
positive numbers. One way to find the absolute magnitude of 
a negative 2’s complement number is to invert all bits and 
add plus binary one as in the example below: 


1011 Negative 2’s complement number 
0100 __—iInverted 

+ 0001 One Added 
0101 Result 


From this example, it is seen that the magnitude of this 
negative numbers is five. 


Likewise, to form a negative 2’s complement number, the 
positive representation is taken, inverted, and plus binary one 
is added as shown. 


Positive number +3 


Binary representation 0011 
Inverted 1100 
One added + 0001 
Minus three in two’s complement 1101 


The advantage of two’s complement in many computers and 
digital processors is that addition and subtraction can be per- 
formed without regard to whether the numbers being added or 
subtracted are positive or negative. Examples of addition are 
shown in Figure 3. Note that overflows are discarded. 


1110 
0110 


(1) 0100 


0001 
1111 


(1) 0000 


0001 
0101 


0110 


1110 
1101 
(1) 1011 


0110 
1110 
(1) 0100 


1010 
0011 
1101 


Figure 3. Examples of Two’s Complement Addition. 


Subtraction is much like addition except that the number 
being subtracted (subtrahend) must be inverted and have one 
added to its value. It is then added to the minuend. This ad- 
dition of +1 represents no problem in the hardware because 
the carry in (c,,) of the least significant adder can be used for 
this purpose — not an additional adder. Figure 4 shows 
examples of subtraction. 


0001 +1 
0101 +5 


0001 
1010 
1011 
0001 
1100 
=4 


1110 —2 
0110 +6 


1110 
1001 


0111 
0001 


1000 
—8 


1010 —6 
1101 —3 


1010 
0010 


1100 
0001 


1101 
—3 


Minuend 
Subtrahend 


Minuend 
Inverted Subtrahend 


Add 
Add One 


Result (Binary) 


Result (Decimal) 


Figure 4. Examples of Two’s Complement Subtraction. 


From these examples, one might conclude that multiplication 
is simply the product of one 2’s complement number with the 
other. Unfortunately, this is not correct for negative numbers. 
One obvious technique for multiplication in which negative 
numbers are represented by 2’s complements is to determine 
the signs and magnitudes of the operands, multiply the 
magnitudes, and then if the result is negative, cast the result 
into 2’s complement form. It seems preferable, however, to 
devise a scheme for multiplying such numbers more simply. 
Booth’s method will be considered for this purpose. 


BOOTH’S ALGORITHM 


In the usual methods of digital multiplication, the multiplier 
digits are examined in turn and when the multiplier digit is a 
logical ‘1,’ the multiplicand is added to the running partial 
sum in the appropriate weight. For each multiplier digit, there 
is a relative one-digit shift between the multiplicand and 
partial sum whether there has been an addition or not. Booth’s 
algorithm provides a tool whereby more than one shift at a 
time may be made, depending on the grouping of strings of 
logic 1’s or logic O’s. This multiple shifting ability may be used 
to ‘‘speed up” the multiplication process. 


Ordinary multiplication (disregarding signed numbers) can be 
performed by summing a series of partial products, each of 
which is one bit of the multiplier word, Y, times the entire 
multiplicand word, X, times the weight of the Y multiplier bit. 
That is, 


n—1 
By 
ij—O 


where n = number of bits in Y 


T= yi +X +2 


This method, usually designated ‘‘add and shift’’, is simply 
performed by ANDing the i-th multiplier bit, y;, with the X 
value giving a result of X or O, and then adding this result 
(X or O) to the present partial product to generate a new 
partial product. The new partial product is then shifted one 
place toward the LSB. This divides it by 2 or, effectively, 
multiplies X by 2 relative to the partial product. The process 
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is then repeated for the next more significant bit of Y. This 
algorithm will work for 2’s complement values of Y if for the 
most significant bit of Y, the sign bit, a subtraction rather 
than addition is performed. This results because the MSB of 
a 2's complement number effectively carries a negative rather 
than positive weight as shown in the following Y definition. 


Y = -Yn—1 (29-1) + Vy a (29-2) + Vyp_ a (29-3) + . 
+ ¥q (20) 


Booth’s algorithm is a multiplication technique which can 
reduce the number of operations required for multiplication. 
It operates on the fact that a string of O’s in the multiplier 
requires no additions but just shifting, and a string of 1's 
in the multiplier running from bit weight 2 to weight 25 can 
be treated as 2S+1—2!. For example, if Y = 001110 (LSB on 
right), then r = 1 and s = 3 and 24—21 = 14. While the add 
and shift algorithm for this example requires three additions 
(if additions are ignored for Yj; = 0), Booth’s algorithm re- 
quires only two operations. These are an addition at weight 
2s+1 and a subtraction at weight 2°. The algorithm can be 
verbally stated as follows: 


@ Examine the multiplier bit by bit beginning with the least 
significant bit and shifting the partial product relative to 


the multiplicand as each bit is examined. 


Subtract the multiplicand from the partial product when 
you find the first 1 in a string of 1’s, add the multiplicand 
to the partial product when you find the first O in a string 
of O’s and do nothing when the bit is identical to the 
previous multiplier bit. 


The significant features of this algorithm are that: 


_ It can require n operations (compare, add/subtract, shift) 
for ann bit multiplier (of alternating O’s and 1’s) but it 
usually requires fewer of these and the remainder are of 
the type compare, shift operations. 


. It works for X in 2's complement because addition and 
subtraction logic are identical for unsigned and 2’s com- 
plement numbers. 


_ It works for Y in 2’s complement directly, because if Y 
ends in a string of 1’s, the last operation will be a sub- 
traction at the appropriate weight. 


The basic algorithm as developed by Booth is as follows: y; is 
the i-th most significant bit of an n-bit multiplier representa- 
tion. y_4 is zero. yg is the least significant bit. y,_1 is the 
sign bit. X is the multiplicand. 


Starting with i = 0, y; and y;_ 4 are compared: 


1.) If yj = yj_4; add OX. 

2.) If y; = 1 and yj_1 = 0; subtract 1X (the multi- 
plicand) from the partial product. (Add the 2’s com- 
plement). 

3.) If yj = Oand yj;_4 = 1; add 1X to the partial product. 


Two examples of this rules are shown in Figure 5. 
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Example 1: 


011 
10 1 
000 
000 
10 
10 
11 


00 


Example 2: 


1 
1 


Figure 5. Examples of Booth’s Algorithm for Two’s 
Complement Multiplication. 


Based on these rules as developed by Booth, it is a straight 
forward process to make a table of desired action for each of 
the four possible two-bit combinations under inspection. This 
is shown below. K is the partial product before this level of the 
algorithm and is zero initially. 


Table of Operation for Booth’s Algorithm 


Do nothing 


Partial Product 


1 Add X K +X 
0 Subtract X 
1 Do nothing 


Note that when yj; = 0 and add is required and when Yj = 1 
a subtract is used. Also, when yj; ® Yj_1 = 1 the multiplicand 
is added (or subtracted) fromt eh running partial product K 
and when yj ® yj_1 = 0, zero is used. 


INTEGER MULTIPLICATION 


We can multiply 2’s complement numbers in either integer or 
fractional form. The primary difference is in the thought 
process of the designer. When the binary patterns are treated 
as integers, the 2’s complement numbers can be represented as 


X = x—x,2n-1 
¥e\y Sycom=) 


where 
Xs = sigh bit of X (one or zero) 
Ys = sign bit of Y (one or zero) 
xX = magnitude bits of X (less sign) 
Y = magnitude bits of Y (less sign) 
n = number of bits in X word 
m = number of bits in Y word 


For example, if six bits are assumed for X, n = 6 and the sign 
bit has a weight of —26—1 = _95 = _32. The other magnitude 
bits have their normal weight and since there are five other mag- 
nitude bits, they are 20° 21, 22, 23, and 24, Thus, 2's comple- 
ment integer numbers for n = 6 bits are as shown below: 


Magnitude bits 
Integer 
Decimal 
Number 
Equivalent 


1 
0 
1 
0 
1 
1 
0 


When the product of X and Y is considered, the following 
equation results: 


S= XY =x,y, 2mtn—-2 _ xy, 2M—1 — yx, 29-1 + xy 


The 2's complement product requires m +n bits in order to 
represent all possibilities. Note that there is only one con- 
dition where the m + n bits are required; that condition being: 


X =—29-1 and Y =—2M—1 


This condition gives S = XY = 2M*N—2 which requires m+n 
digits in a 2's complement signed integer number. 


Consider n = 6 and m = 4, then x, has weight —32 and y, has 
weight —8. For X = —32 and Y = —8, the product XY is +256. 
The 2’s complement representation is 0100000000. Ten bits 
are required to properly represent the 2’s complement number. 
All other combinations of values for X and Y require only 
m + n —1 bits to represent the 2’s complement number. For 
n = 6 and m = 4 in this case, the ninth bit represents the pro: 
duct sign. Consider (+7) x (—31) is equal to ~—217 or 
100100111. Notice that 1100100111, the ten bit 2’s comple- 
ment representation is identical in value. 


The genera/ requirement for the product solution of XY is: 
S=XY=s—5, gmtn—1 


and all binary operations must be carried through m + n bits 
in the product soltuion unless a simplification is assumed. 
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FRACTIONAL MULTIPLICATION 


Fractional multiplication is identical with integer multiplication 
but the notation is changed. The fractional number range is 
usually limited to—1<X <1-27(n—-1), 

The fractional 
represented as: 


2's complement binary numbers can be 


X =x Q-(n-1) _ Ke 
Y=y2-(m-1) _ Ys 
K=k2-(P-ll_k, 
where the notation is as with integer arithmetic. The sign bit 


now has a weight of —20 = _1 and the other magnitude bits 
have their normal fractional weight. 


Two’s complement numbers for n = 6 are as shown below. 


90 29-1 972 23 274 2-5 
Fractional 
Equivalent 

—1 1/2 1/4 1/8 


1/16 


1/32 


14/32 = 7/16 0 0 1 1 1 0 
31/32 0 1 1 1 1 1 
0 0 0 0 0 0 0 
—7/32 1 1 1 0 0 1 
—25/32 1 0 0 1 1 1 
—32/32 =—1 1 0 0 0 0 0 
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The notation difference in the fractional representation is that 
all the integer representations have been divided by 2(n—1). 


The fractional product XY is 


S= XY = Xo¥g—XgV 2-(m—1)_y. x 9—(n—1) + xy 9—(mtn—2) 


Again, m+n bits are required to cover all possible combinations. 
Note that X = —1 and Y = —1 results in XY = +1 which is be- 
yond the normal range. In order to cover this possibility, the 
sign bit should be given a weight of —2 (instead of —1); the 
next most significant bit is weight +1, the next is +1/2, and so 
forth. If the —1 times —1 possibility is excluded only m+n—1 
bits are required. 


This general equation requires the sign bit to have a weight of 
—2 and all arithmetic to be carried to mtn bits to represent 
the two’s complement solution. 


A HIGH-SPEED SERIAL/PARALLEL MULTIPLIER 
THE Am25LS14* 


By John Mick, John Springer and Clive Ghest 


INTRODUCTION 


The Am25LS14 is a complete 8-bit Serial/Parallel Multiplier 
fabricated as a single 16-pin LSI chip. The device accepts a 
parallel two’s complement or unsigned multiplicand and mul- 
tiplies it by any arbitrary length serial two’s complement or 
unsigned multiplier. The resulting product is a correct and 
complete serial two’s complement or unsigned product. The 
complete product of an 8 x 8 multiplication can be performed 
in 16 clock cycles. Any number of Am25LS$14 devices can be 
cascaded with no additional logic, so that the parallel multipli- 
cand can be easily expanded to any number of bits. Mixed 
signed (two’s complement) and unsigned multiplication is 
possible, generating a product in signed two’s-complement 
form. 


MULTIPLIER CHARACTERISTICS 


The requirements for a good general purpose IC multiplier for 
use in a wide range of commercial applications are as follows: 


@® It should be inexpensive 

It should be fast 

It should be easy to use 

It should be adaptable to any word length 

It should handle signed numbers in two’s complement nota- 
tion without correction. 


The first two of these requirements tend to be incompatible 
and in the past have required two types of circuits: one which 
was designed to be as fast as possible and another which 
compromised speed for cost. The last two requirements limit 
the method used to perform the multiplication to an algorithm 
which works in two’s complement notation and is the same 
for all bits, so that the ‘‘sign bit’’ is treated identically with the 
other bits. 


CLEAR 
(CLR) [>o 
Y_1 
Y >o D Q 
cP 
CLR 

CLOCK 
(CP) Pan 

«——_ 

K >o 


17012 13 14 2 


Xz Xg Xg Xq XQ X_ X Xo 


Am25LS14 


Vec =PIN 16 


GND =PIN 8 


Figure 2. Logic Symbol for the Am25LS14 (16-Pin Device) 


The Am25LS14_ offers an optimum solution to these 
requirements. It operates by taking the whole multiplicand in 
parallel and utilizing a single bit at a time of the multiplier word 
to form partial products in an internal register. The output ts a 
serial bit stream representing the product of the parallel 
multiplicand word and the serial multiplier word. 


THE LOGIC FUNCTION 


A simplified logic diagram of the Am25LS14 Serial/Parallel 
multiplier is shown in Figure 1 and the 16-pin logic symbol for 
the device is shown in Figure 2. The multiplier consists of four 
basic parts; a storage register used to hold the multiplicand 
word during the multiplication, the adder/subtractor logic 
containing both a partial product register and a carry/borrow 
register, a flip-flop and exclusive-NOR gate operating on the 
serial multiplier string presented at the Y input to provide a 


X65 X4 X3 Xo xy Xo 


Figure 1. Functional Logic Diagram for the Am25LS14 
*The Am25LS14 is manufactured under U.S. Patent No. 3,878,985 issued April 22, 1975. 
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contro! signal to the adder/subtractor logic, and a logic mode 
circuit to alter the multiplicand from two’s complement to 
unsigned notation as controlled by the M input. The adder/ 
subtractor logic and product and carry/borrow register is 
iterative; that is, it consists of eight identical cells with a 
small change in the eighth cell to efficiently incorporate the 
multiplicand word sign logic. For a detailed description of the 
logic design of the Serial/Parallel multiplier, refer to the 
application note ‘‘Mechanization of the Serial/Parallel Multi- 
plier’’ by John R. Mick. 


Prior to a multiplication, the internal multiplier sum and carry 
registers are reset by applying a LOW to the clear input. The 
8-bit multiplicand data is applied to the X inputs and is 
latched into the multiplicand register as the clear input goes 
HIGH. This internal multiplicand storage is useful because the 
multiplicand need not be held constant during the multiplica- 
tion allowing these inputs to be bus organized. The Serial/ 
Parallel multiplier is now ready to receive the first least 
significant multiplier bit. The least significant bit of the multi- 
plier word is presented at the Y serial input and when the 
clock changes from LOW to HIGH, the multiplier produces the 
first least significant product bit at the serial data output, S. In 
each succeeding clock period, the next more significant mul- 
tiplier bit is presented at the Y input and the next more 
significant product bit is present at the S output. After 8 clock 
periods, the multiplier serial input string has been exhausted 
but the most significant half of the product is still in the 
internal registers of the Am25LS14 Serial/Parallel multiplier 
and must be clocked out. If the multiplier is an unsigned word, 
then during the extraction of the most significant half of the 
product, the multiplier Y input must be held at logic zero. If, 
however, the multiplier is a two’s-complement signed word, 
then the most significant bit (sign bit) of the multiplier word 
must be repeated at the Y input until the complete product 
has been obtained. The multiplicand can be either an unsigned 
number or a two’s-complement number depending upon the 
logic polarity of the mode input, M. This mode input should 
be held at a LOW logic level (ground) if the multiplicand is in 
two’s-complement notation and the X7 input is a two's 
complement sign bit, and it should be held at a HIGH logic 
level (pulled up through a register to Vcc) if the 8-bit multi- 
plicand is unsigned (magnitude only number). 


A23 422 421420 419 A418 417 A16 


Y Xz Xe Xs5 Xq Xz XQ Xq Xo 


Am25L814 


Aig 414 413 412 411 410 Ag As 


The Am25LS14 


The K input is used for expansion purposes. To increase the 
length of the multiplicand word by using multiple devices, the 
S output of a higher order device is connected to the K input 
of the next lower order devices. The clear lines are connected 
together and the clock lines are connected together. All the 
mode inputs except the one on the most significant device are 
held at a HIGH logic level. Whether the multiplicand is signed 
or unsigned is determined only by the M input of the most 
significant device. A 24-bit by n-bit multiplier is shown in 
Figure 3. The K input is held LOW at the most significant 
device indicating a two’s complement multiplicand. The multi- 
plier input can be any length, with n+ 24 clock periods 
required for the multiplication. The resulting product is n + 24 
bits long. 


If the multiplicand is not an even multiple of 8 bits, then for 
an unsigned multiplicand the remaining most significant mul- 
tiplicand inputs are held LOW at logic zero, while for a 
two’s-complement multiplicand, the remaining multiplicand 
inputs must be connected to the multiplicand sign bit so that 
the sign is extended and can be interpreted correctly. Figure 4 
shows a 12xn Serial/Parallel multiplier connection for a 
two’s-complement signed multiplicand. The resulting product 
is n+ 12 bits long and only n+ 12 clock periods are required 
to generate the correct product. 


The Function Table for the Am25LS14 multiplier operation is 
given in Figure 5. As shown, the K input is the sum expansion 
input and allows for the cascading of devices. The mode input, 
M, is used in conjuction with cascading to determine the most 
significant bit of the multiplicand and controls the multipli- 
cand sign definition. 


TIMING 


Although the Serial/Parallel multiplier requires only m+n 
clock periods to produce a full length product, (where m is the 
multiplicand word length and n is the multiplier word length) 
a practical system may use two additional clock periods. The 
first additional clock period is used to reset the multiplier at 
the beginning of a multiplication by using the clear input. This 
is shown in the timing diagram of Figure 6. This clears the 
partial product register, the carry/borrow register and the 


24-BIT MULTIPLICAND 


Az Ag As Ag A3 Ad Ay Ag 


Y Xz Xg Xs Xq Xg Xz Xq XQ 
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PRODUCT 
SERIAL 
OUTPUT 


Figure 3. Three Am25LS14’s Cascaded to Make a 1-Bit by 24-Bit Serial-Parallel Multiplier 
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FUNCTION 


Most Significant Multiplier Device 
Devices Cascaded in Multiplier String 
Load New Multiplicand and Clear Internal Sum and Carry Registers 


L 
= HIGH 


= LOW 
= LOW-to-HIGH transition 
CS = Connected to S output 
of higher order device 
OP = X; latches open for new 
data (i = O, 7) 
AR= Output as required per 
Booth’'s algorithm 


Figure 5. Function Table Showing the Operation of the Am25LS14 


control flip flop, and loads the new multiplicand into the X 
holding latch. At this same time, the multiplier word can be 
loaded into a Parallel-to-Serial converter (such as the 
Am25LS22) ready for presenting to the Serial/Parallel multi- 
plier Y input. During the first time period after the clear 


TIME 


PARALLEL 
MULTIPLICAND 
wo 


NOK 


signal, the least significant bit of the multiplier is presented to 
the Y input of the Am25LS14 and in the next clock period 
the first bit of the product, So, is available at the S output of 
the device. For the next n-1clock periods, the multiplier bits 
are presented one at a time to the multiplier Y input and the 
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Figure 6. Timing Diagram Showing 18 Clock Cycle Operation of 8 x 8 Multiplication 
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product bits are available one at a time from the S output. For 
the remaining m clock periods, the Serial/Paralle! multiplier 
requires that either the most significant bit of the multiplier 
word, Y, be repeated (two’s complement operation) or a string 
of zeroes be applied (if the multiplier is to be treated as an 
unsigned number) to the Y input. 


It is possible to perform an m+n multiplication using only 
one additional clock cycle. This requires that the clear pulse is 
presented at the same time as Yo, the least significant Y 
multiplier bit. Since the minimum clear pulse width is 20ns 
and the clear recovery time is 18ns, the time duration must be 
at least 38ns minimum for this clock period. A timing diagram 
for this mode of operation is shown in Figure 7. 


Many applications, especially when using two’s complement 
operands, do not required a full n + m bit product but only an 
m+n-1 bit product. For example, if fractional operands in 
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the number range of -1 to 1-2-'"-1) and -1 to 1-27'™are 
assumed, only the case of —1 times —1 requires m+n bits to 
represent the product. All other combinations can be repre- 
sented correctly in two’s complement notation by m +n —1 
bits. That is, when dealing with fractions, only one bit to the 
left of the binary point carrying a weight of —1 is required ex- 
cept for the one special case. This can be used to remove one ad- 
ditional clock cycle from the multiplication process as shown in 
Figure 8. The same reasoning applies to integer representations 
where the largest negative numbers are ~2'm-1) and -2(n-1), 
Only m+n bits are required to handle the case of (-2(m-1)) 
(-2(n-1)) All other products require only m+n-1 bits for a 
correct two’s complement product. Let’s take an example. If 
m= 4 and n = 3, then seven bits are required to represent (—8)- 
(-4) = (+32) in two’s complement. All other products for a 
3-bit and 4-bit multiplicand and multiplier can be represented 
correctly in two’s complement form with a 6-bit representa- 
tion. 


Y 


Figure 8. Timing Diagram Showing 16 Clock Cycle Operation for an 8 x 8 Multiplication 
(Assumes a 15-Bit Product Representation) 
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ROUNDING AND TRUNCATION 


Truncation is performed in the Am25LS14 by ignoring the 
appropriate number of least significant bits (LSB’s). Unfor- 
tunately, no clock cycles can be saved when truncating 
because the product is being developed LSB first. Therefore, 
the truncated bits are the first bits out of the Am25LS14 
multiplier. The subsystem must be clocked the total number 
of times (m+n) to develop the two’s complement product. 
This does have the advantage of saving register bits to hold the 
product from the device. 


To date, the recommended method of rounding is to use one- 
fourth of an Am25LS15 to perform rounding. This technique 
involves adding a one at the bit prior to the LSB of the final 
product using one input of the Am25LS15. The product from 
the multiplier is connected to the other input. This does re- 
quire one extra clock cycle to implement rounding. This 
technique works for any combination of multiplicand bits, 
multiplier bits and desired product bits. 


APPLICATIONS 
Eight-Bit by Eight-Bit Multiplier 


A circuit which generates a 16-bit product from an 8-bit by 
8-bit multiplication is depicted in Figure 9. This sub-system 
consists of one Am25LS14 serial/parallel multiplier and two 
Am25LS22 8-bit registers. This configuration accepts an 8-bit 
multiplicand and an 8-bit multiplier from an 8-bit data bus. It 
will return a 16-bit product (8-bit upper byte and bit lower 
byte) using the same 8-bit bus. 


The Am25LS22 is an 8-bit register designed for performing 
various functions with the Am25LS14. It can be used to hold 
the multiplier word initially, perform the sign-extend function 
and then hold part of the product. It has separate serial 
input/output capability as well as shared parallel input/outputs. 
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CLOCK 
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CONTROL 
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CLOCK 
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CLEAR 
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The timing sequence for controlling this circuit is shown in 
Figure 10. Twenty-two clock cycles are used in this example 
to fully load, multiply and unload the multiplier subsystem. 
Thus, such an arrangement can be used with any of the popular 
8-bit MOS microprocessors such as the 8080, 6800, 2650, F8 
and others. This allows the multiplication to be performed 
outside of the MOS microprocessor with about two to three 
orders of magnitude improvement in speed. 


Referring to the timing sequence of Figure 10, the multiplier 
word is loaded into the Am25LS22 register at time T, and 
the multiplicand word is loaded in the Am25LS14 latches 
during time T,. The multiplicand and multiplier words must 
be loaded in this order since there is no hold function on the 
Am25LS14 multiplier. 


During time Tz through Tyo, the least significant product bits 
are generated and clocked into holding register B. Meanwhile 
the multiplier sign bit is being extended in Register A. The 
sign extend is performed only for the eight clock cycles T9 
through Tg. During time T,4 through Tig, the most significant 
8-bits of the product are developed in the Am25LS14 multi- 
plier. Tg is used to load the product sign bit from the mul- 
tiplier into the Am25LS22 B register. During the time 74 
through Tg, the least significant half of the product is trans- 
ferred from register B to register A. The remaining two clock 
cycles, T49 and T29 are used to unload the product upper and 
lower byte back onto the 8-bit data bus. 


The control signals required for this multiplier are shown in 
Figures 9 and 10. Notice that the clear input to the Am25LS14 
and the Serial/Parallel (S/P) input to the Am25LS22 can be 
connected together with the appropriate don’t cares elim- 
inated. Other control signals to the Am25LS22 include the 
register enable (RE), sign extend (SE), and the three-state 
control (OE). These signals can be generated using a counter 
and combinatorial logic gates or a counter and small PROM. 
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Figure 9. An 8-Bit by 8-Bit Multiplier with a Full 16-Bit Product Store. 
The Inputs and Outputs are Bus Organized on an 8-Bit Bus 
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TIME 1/0 BUS CLR S/P RE SE AOE B FUNCTION 
Multiplier Xx H Load Multiplier (Y) 
i Multiplicand Xx L Xx H Load Multiplicand (X) 


Present Y; to multiplier. Read S; into Register B. 
Extend Y sign. 


Continue Multiplication using Yg in register. Load 
least significant part of product into Register A 


and most significant in Register B. 
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Load MSB into Register. 
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Product 
Lower 
Byte 


Unload product Lower byte onto bus. 


Product 
Upper 
Byte 


Unload product Upper byte onto bus. 


H = HIGH L = LOW X = Don't Care 
Figure 10. Timing Sequence for an 8 x 8 Multiplier with Full 16-Bit Product Register 
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Figure 11. Complex Arithmetic Multiply Pe = (Ag Br — A,By) + (ARB: + A, Br) 
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COMPLEX ARITHMETIC MULTIPLIER 


The Am25LS14 serial/parallel multiplier, the Am25LS15 
adder/subtractor, and the Am25LS22 eight-bit register can be 
used to perform rapid multiplication in complex arithmetic 
processors. In complex arithmetic notation, each variable is 
assumed to have a real part and an imaginary part. Thus, 
complex variables Ac and Bc may be represented as: 

Ac = AR + JA, 

Bo = Br + jBy 


The product of Ac and Bc¢ is, of course, complex product Pr 
where: 

Pe = Pp + jP, =Ac Bc 

Po = (Ar + jA;) (BR + jBy) 

Po = (Ar Br -A)B)) + j(AR By + AjBR) 


From this discussion, the real and imaginary values of the 
product Pc are readily identified. These are: 

PR = ARBR - Ai By 

P, = ARB, + AjBr 


The circuitry required to implement this complex multiplier 
is shown in Figure 11. In this example, the real and imaginary 
values of the Ac variable are loaded into the two Am25LS22 
registers. The real and imaginary values of the Bc variable are 


Xq (8-BITS) 


Y 
MULTIPLIER Am25LS14 


(8-BITS) 


X¢ (8-BITS) 


loaded into the latches of the Am25LS14. This loading of the 
data could be performed simultaneously using all four inputs 
Ar. Ai, BR and B; or it could be performed sequentially 
using a pair of inputs or a single input at a time. 


Once the incoming Ac and Bc data have been loaded, the 
devices are clocked such that the four intermediate products 
are formed as shown in Figure 11. Then, two of the four 
adder/subtractors in the Am25LS15 are used to complete 
the generation of real product term PR and the imaginary 
product term P,. 


These product terms PR and P; can be loaded into four addi- 
tional Am25LS22 registers to hold the double length product 
terms PR and P; (assume least significant bit truncation). 
After the complex multiplication has been completed, the 
PR and P; variables can be returned to the processor, memory 
or other destination by using the parallel bus outputs of the 
Am25L822. 


OTHER APPLICATIONS 


Other examples of applications using the Am25LS14 as well 
as the Am25LS15 and Am25LS22 are shown in Figures 12 
through 15. Each of these applications is intended to give the 
design engineer a new approach to solving numerical problems 
involving digital multiplication. 


Xg (8- BITS) 


Am25LS 14 
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PRODUCT 


Am25LS14 40-BITS 


PRODUCT = Y Xq Xg Xc Xp 


Four Am25LS14's can be used to implement the product of five variables Y, Xa, Xp, Xe 
and Xp. If each input variable is eight bits, a 40-bit product results and the multiplier array 
must be clocked 40 times. This requires the 8-bit Y variable to be sign extended for 32 
additional clock cycles. 


Figure 12. Multiple Operand Multiplications 
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Am25LS22 Am25LS14 


Am25LS15 
i) 


ADD/SUBTRACT 


FUNCTION NOTES 
“YHy =Y (X +1) ‘LS15 in add mode 
ad =Y (X — 1) ‘LS15 in subtract mode 


~-Y+tY+1 =¥ (X+1) +1 ‘LS15 is subtract mode for 
clear and add mode for multiply 


P=Y—-X-Y =Y (1 — X) ‘LS15 A & B inputs reversed 


One Am25LS14, Am25LS15 and Am25LS22 can be used to perform several arithmetic 
functions. Four such functions are shown above. All use a product equal to the multiplicand 
times the multiplier in combination with a function of the multiplier. Additional combina- 
tions are possible, especially if more flip-flops are used to change the relative weight of the 


multiplier or product function. 


Figure 13. 
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A 12-bit by 8-bit unsigned multiplication is performed by tying the four most significant 
multiplicand bits LOW to logic zero. The Am25LS22 is loaded with the 8-bit unsigned 
multiplier. As the multiplier is shifted, a ‘‘zero-fill” is accomplished using the Da input on 
the Am25LS22. Note the MSB M-input is HIGH on the most significant Am25LS14. 


Figure 14. 


5-35 


The Am25LS14 


DY, DY; DY, DY, 


AM25LS22 


Am25LS14 OUTPUT 
SIGN 
EXTEND 


LOAD 
MULTIPLICAND 


CLOCK 


One Am25LS14 and Am25LS22 can be used to perform the function A2 on an input vari- 
able A. The 8-bit value for A is loaded into the Am25LS22 register in serial form using the 


Da input. Once loaded, the A value can be transferred to the Am25LS14 multiplicand 


latches via the DY; outputs. Then the product of A-A is formed resulting in A2 at the 
Am25LS$14 output. 


Figure 15. 
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MECHANIZATION OF THE Am25LS14 
SERIAL/PARALLEL MULTIPLIER 


By John R. Mick 


The Am25LS14 Serial/Paralle! Multiplier uses Booth’s algorithm 
to give the correct two’s complement product without the need 
of post multiplication correction. The algorithm requires that 
two bits of the multiplier are examined at each time period. 
These bits are yg, the multiplier bit at the present time tg, and 
Ya-1, the multiplier bit at the previous time tg_1. The assump- 
tion is made that at each time, tg, it is the last multiplier bit 
in the word and, therefore, it carries a negative weight; if it is 
a logic one, a subtraction takes place at this weight. If this 
was not the last bit in the word, a correction takes place 
during the next time period. The logic, therefore, not only has 
to examine the multiplier bit yz in the current time but also 
the previous yz_1 in order to discover whether a correction is 
necessary. 


The algorithm is performing the function: 
n-1 
S= EX {yg (-29) + ye (227) 
a=0 
where: S = the product X @ Y, 
X = the multiplicand 
Vg = the current multiplier bit 
Ya-1 = the previous multiplier bit 
-24 = two’s complement weight of the current 
multiplier bit 
+24-1 = two’s complement weight of the previous 
multiplier bit 


n = total number of bits in the multiplier 


Obviously, if at ts, Yg is a one and X is positive, then S is 
negative. If X is negative, then S is positive for yg = 1 at a= n-1 
which is exactly what is required at the last bit operation 
during a two’s complement multiplication. 


The four possibilities of yaya_1 give the following requirements 
in order to satisfy Booth’s algorithm. 


Ya Va-1 Function 

0.60 No arithmetic operation. Shift partial product rela- 
tive to multiplier. 

0 1 Add multiplicand to partial product, S, and shift 
new partial product. 

1 O Subtract multiplicand from partial product, S, and 
shift new partial product. 

1 #1 No arithmetic operation (perform correction by 


executing both add and subtract of equation 1). 
Shift partial product relative to multiplier. 


The last entry with yaYa-1 = 1, 1 is made up of an addition 
and a subtraction of the multiplicand at weights offset by 2. 
This is used to perform the correction associated with the 
previous iteration where y, was also a logic 1 and given nega- 


tive weight. Since a shift has now taken place, the addition of 
(Xyg-1287-!) cancels the previous subtraction of —Xy,2? be- 
fore the shift and has the effect of extending the sign of the 
running partial product. 


IMPLEMENTING THE CARRY 


The next consideration in the Am25LS14 Serial/Parallel Mul- 
tiplier is the carry scheme to be used for the arithmetic section. 
Since an essential characteristic of the design is a very high 
processing rate, the carry scheme must have as few a number 
of gate delays as possible. There are many look-ahead carry 
schemes but they all suffer from two problems. The carry 
network becomes increasingly complex as the word length is 
increased and in any practical scheme, additional delay is in- 
curred for longer word lengths. What is required is a method 
where the carry delay is short and independent of the word 
length of the multiplicand. 


One method of obtaining this result is called a ‘stored carry 
adder” and is particularly suited to serial/parallel arithmetic. 
The concept is straightforward but is complicated in the 
Am25LS14 because not only are carries generated but also 
borrows. (It assists understanding if these borrows are treated 
as negative carries.) In the stored carry scheme, when an addi- 
tion (or subtraction) takes place, instead of the carry (borrow) 
being presented to the next arithmetic stage so as to affect the 
next sum bit and be used to generate the carry at that stage for 
the next stage, the carry is stored in a flip-flop at the same 
stage and incorporated into the arithmetic at the next time 
iteration of the addition (subtraction). 


A combinatorial design of an MSI Serial/Parallel Multiplier 
is shown in Figure 1. The inputs to the Am25LS181 adder/ 
subtractor are the partial product and the multiplicand. The 
multiplicand is gated by a function of the ygya-; multiplier 
bits by using the mode control of the Am25LS181. The sum 
or new partial product out of the ‘LS181 adder/subtractor is 
shifted one place down and stored in the next lower stage 
partial product register made up of the Am25L3S174’s. In each 
adder stage, the generated carry goes to the next higher adder 
stage internally. 


The stored carry concept is shown in Figure 2. Here, the inputs 
to the full adder are the partial product, the multiplicand 
gated by the yzya-1 and the previously stored carry generated 
at the same stage during the previous cycle. The outputs of the 
full adder are the sum which is stored in the sum partial 
product flip-flop at the next lower stage and the carry which 
is stored in the carry flip-flop at the same stage and is not 
shifted down. The stored carry concept uses an additional 
flip-flop per multiplicand bit compared to the standard MSI 
approach, but the delay between consecutive clock pulses is 
short and remains the same, independent of the number of 
stages. In the MSI approach, the total propagation delay is a 
function of the length of the Am25LS181 adder network. 
It is possible to have a combination of combinatorial carry 
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Figure 1. An MSI Implementation of the Serial/Paralle! Multiplier Algorithm 
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Figure 2. This Carry Save Cell Could Be Used in a Shift and Add Algorithm for a Serial/Parallel Multiplication 


5-38 


and stored carry by storing every second or fourth carry 
generated and so on. However, the best compromise between 
delay and complexity appears to be satisfied in low-power 
Schottky technology by incorporating an extra carry flip-flop 
at each multiplicand stage and storing the carry for each 
full adder. 


UNDERSTANDING THE ITERATIVE 
CELL OF THE Am25LS14 


In order to fully understand the iterative cell of the Am25LS14, 
it is necessary to view the cell block diagram of Figure 2. What 
ig desired is to define the logic operation of the multiplicand 
enable gate and the full adder/subtractor. From the develop- 
ment of Booth’s algorithm, it has been shown that yo and y_4 
(yz and ya_1 respectively) control the add/subtract function 
as well as the pass multiplicand/pass zero function. The full 
adder/subtractor and control gate, therefore, must have yo, 
y_1 and x; as inputs. Also, the carry saved from the previous 
iteration is an input, C;, as well as the sum bit, S;, from the 
previous iteration. The adder/subtractor must generate a new 
sum bit, Sg, and a new carry/borrow bit, Co. 


For any multiplication, there is only one value of x; at each 
cell. That is, x; is either a logic 1 or a logic 0. Thus, each case 
for x; can be treated separately. Let us assume that x; = 0 as 
the input to cell shown in Figure 2. It is soon recognized that 
based on Booth’s algorithm, the required operation is add 
nothing, subtract nothing or do nothing. Thus, if the carry 
flip-flop is reset initially, the only possible logic 1 into the 
cell is at the S; input since x; = 0 and C; = 0 initially. This 
results because the value at both the B and C inputs to the 
adder/subtractor are always zero. Therefore, the carry flip- 
flop can never be set to a one because the carry out is 
always zero. Thus, Sg is always set equal to the value at B and 
the cell executes a simple pass function. This is shown in the 
top 16 states of Table |. Table | shows all the combinatorial 
output states of the adder/subtractor as a function of the five 
input variables to the cell; these are xj, Yo, Y-1, 9; and Cj. 


The more interesting case, obviously, is the condition where 
the x; input is a logic 1 for the multiplicand bit at this cell. 
The easiest way to explain this case is to view the last 16 
states of Table |. This should result in considerable misunder- 
standing not to mention the initial frustration. 


Let’s try to take this table apart and make some sense out of 
it. First of all, remember that due to the operation of 
Booth’s algorithm, additions and subtractions must be inter- 
leaved. Two additions or two subtractions cannot be sequential. 
This is an extremely important key in understanding the cell 
operation. 


In Table |, notice that states 16 through 19 execute a do 
nothing based on Booth’s algorithm since yo = 0 and y_; = 0. 
Likewise, states 20 through 23 execute an add the multipli- 
cand to the running partial product since yg = O and y_; = 1. 
States 24 through 27 requires the multiplicand to be sub- 
tracted from the running partial product and states 28 through 
31 are also do nothing. It is essential to observe that only 
one time cycle can be spent in states 20 through 23 or 24 
through 27. This is because two additions or subtractions 
cannot be sequential. Also, certain states result in definite 
possible state transitions depending on the new yoy; value. 
For example, state 24 can only lead to states 21, 23, 29 or 31. 
State 23 can only go to states 16, 18, 24 or 26 on the next 
cycle and so forth. However, once in states 16 through 19, 
you can remain in states 16 through 19 indefinitely, and once 
in states 28 through 31 you can remain in states 28 through 
31 indefinitely. 


Mechanization of the Am25LS14 


So what? After careful scrutinization, it will be realized that 
the sum, So, and carry, Cg, outputs of the adder/subtractor 
cell of Figure 2 can only represent the function of the block 
if the following is true: 


®@ To define the operation of states 16 through 23, the So 
output is weight 1 and Co is weight 2. 


@ To define the operation of states 24 through 31, the Sg 
output is weight 1 and Co is weight —2. 


This results in the carry/borrow definition for the adder/sub- 
tractor. Remembering that the running partial product is 
shifted before the next cycle, the cj input of the full adder/ 
subtractor is, of course, at weight +1 or -1 after the shift. 
Once Table | is accepted, all that remains is to generate the 
required logic for the cell. That is, the logic equations for So 
and Co. Simply stated, the equations for the adder/subtractor 
cell are as follows: 


So =$; ®C; ® [Xj (y-1 ® Yo)! 


Co = (Si; ® YQ) [Cj ® Xj (¥o ® y_y)] 


These are the equations implemented in each cell of the 
Am25LS$14 with a slight modification to the MSB cell. 


Table | 
Function Table for an Am25LS14 Cell 

State Xi Yo vi SS CG So Co 
0 0 0 0 0 0 0 0 
1 0 0 0 0 1 — — 
2 0 0 0 1 0 1 0 
3 0 0 0 1 1 — — 
4 0 0 1 0 0 0 0 
5 0 0 1 0 1 — _ 
6 0 0 1 1 0 1 0 
7 0 0 1 1 1 — — 
8 0 1 0 0 0 0 0 
9 0 1 0 0 1 ~ — 
10 6) 1 0 1 0 1 0 
11 0 1 0 1 1 — —~ 
12 0 1 1 6) 0 0 0 
13 0 1 1 0 1 — — 
14 0 1 1 1 8) 1 0 
15 0 1 1 1 1 — — 
16 1 0 0 0 0 0 0 
17 1 ¢) 0 0 1 1 0 
18 1 0 0 1 0 1 0 
19 1 0 0 1 1 0 1 
20 1 0 1 0 0 1 0 
21 1 0 1 0 1 0 0 
22 1 0 1 1 0 0 1 
23 1 0 1 1 1 1 0 
24 1 1 0 0 0 1 1 
25 1 1 0 0 1 0 0 
26 1 1 0 1 0 0 0 
27 1 1 0 1 1 1 0 
28 1 1 1 0 0 0 0 
29 1 1 1 0 1 1 1 
30 1 1 1 1 0 1 0 
31 1 1 1 1 1 0 0 
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STAGE 7 + ———————— STAGE 0 


Figure 3. 
LOGIC DIAGRAM Only the eighth (MSB) cell (stage 7) has a modification to 
A full logic depiction of the Am25LS14 is shown in Figure 3. handle the Mode (M) and expansion (K) inputs to allow cas- 
Each of the seven least significant cells of the device are cading. Also, the sum flip-flop output is connected to the 
identical. These are the cells shown as stage O through stage 6. opposite side compared to the other cells. 
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HOW TO MULTIPLY AND/OR DIVIDE 
IN TWO’S COMPLEMENT HARDWARE 


By Roy Levy 


A question that is asked of our application group almost daily 
is “How do | multiply and divide in two’s complement hard- 
ware’. AMD has designed a family of integrated circuits to 
aid systems’ and subsystems’ designers in solving some of the 
complicated arithmetic problems. These circuits are: 


@ Am25S05 — Schottky Four-Bit by Two-Bit Two’s Com- 
plement Multiplier.” 

@® Am2505 — TTL Four-Bit by Two-Bit Two’s Comple- 
ment Multiplier. 

@ Am25L05 — Low-Power Four-Bit by Two-Bit Two's 
Complement Multiplier. 

@ Am2503 — Successive Approximation Register. 


@® Am25L03 — Low-Power Successive Approximation 
Register. 

@® Am25LS22 — Eight-Bit Serial/Parallel Register with Sign 
Extend. 


@ Am25LS14 — Eight-Bit Serial/Parallel Two's Comple- 
ment Multiplier. 
@ Am25LS15 — Quad Serial Adder/Subtractor. 


The problem of two’s complement multiply can be solved 
using AMD devices in either of two ways dependent on speed 
requirements. One is by using the Am25L3S14 and performing 
aserial by parallel multiply and iterating the algorithm through 
all “Y" bits of the serial multiplier word (see Figure 1). This 
particular solution assumes the use of an eight-bit data bus 
and loads an eight-bit multiplicand into Am25LS14 in two's 
complement notation and an eight-bit multiplier into the first 

Am25LS22. After 17 clock cycles, the 16-bit product will be 
forced into the two 8-bit AM25LS22 registers. 


The second and faster method of two’s complement multi- 
plication is that of Figure 2. This method employs the use of 
the Am25S05. The connection symbology will be seen in 
Figure 3. This implementation can be modified for speed or 


*Further applications of the Am25S05 are shown in ‘‘The Am25S05, 
Am2505 and Am25L05 2’s Complement Digital Multipliers’’ appli- 
cation note contained in the Advanced Micro Devices’ Schottky and 
Low-Power Data Book. 


APPLICATIONS 


DY, OE LD DY, OE 
Am25LS14 So S; Am25L$22 Qy S; Am25LS22 Oy 
CLK - CLK SE 


Figure 1. Bus Oriented 8-Bit x 8-Bit Multiplier with 16-Bit Product. 


power by substituting the Am2505 or Am25L05 for the 
Am25S05: Table A shows a comparison of power and speed 
for these devices. Table B shows the trade-off when applied 
to a multiplier array. Rearranging the inputs allows for 
multiply in a modified number system; i.e., Sign-magnitude 
or two’s complement by one’s complement (see Figures 3 and 
4). 


Division can be accomplished by using the recursion algorithm 
(or trial and error). In this method (Figure 5), a trial 
quotient is formed and the product of the trial quotient and 
division is tested against the actual dividend and the result 
(sign) noted. If the sign is positive, the MSB quotient is set to 
a one: if not, a zero is stored. This procedure is repeated for 
all bits of the desired quotient—MSB first, LSB last. The 
output of this divide is available in serial or in parallel form. 
Specifically, the divisor, dividend and trial quotient are all 
treated as two’s complement numbers. Note that the first 
trial viaue is integer —1. The operations performed are: 


For Os, the sign digit of the quotient: 


D 

If D7 = Oand aa Set Os = O Otherwise Os = 1 
D 

If D7 = 1 and ares Set Os = 1 Otherwise Qs = 0 


For the remaining quotient digits: 


If D7 =O and Tj-4 D+ <P, Set O; =! otherwise Qj = 0 


If D7 = 1 and Tj] D+ <P, Set Q; = 0 otherwise Qj = 1 


where 1j is the i th trial value held in the SAR. 


Since the complement of the most significant bit of the reg- 
ister is used rather than the true output so that resetting the 
register presents —1 to the multiplier array, the change in 


OUTPUT OUTPUT 
ENABLE ENABLE 
MSB’s LSB’s 


| 


SIGN 
EXTEND 
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Xg Xo Ky Ko X4 Xe «Kgs Kg 
X14 X3 Ki} K3 Xs} X7 Ks | K7 


a St 
IN 


mune 


eal SM 
aii 


< 
°o 


Mh I 
MISA 
= - 


Ag | Ag A1o | Ai2} Ata 
A7 Ag Aiy Aig Als 


Pita X1 X2 X3 X4q Xsy XG X7 Ko Ky Kz Kg Kqa Kg Kg Kz 
0 


Y4 


Y2 


¥3 8x 8 MULTIPLIER 
ARRAY 


Yq 


Y5 
Y6 


Y7 
Ag Ar A2 AZ Aa As Ag AzZ Ag Ag Aig A171 412 413414 Ai5 


Figure 2. 8 x 8 Multiplication Array for 2’s Complement Numbers. Both the Actual Connection Diagram 
and System Block Diagram are Shown. 
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Figure 3. 


CONNECTION DIAGRAMS 


Within this Appendix, the symbol shown at left below is used to represent the Am25S05, Am2505, or 
Am25L05. The symbol at left should be interpreted as equivalent to the symbol at right. 


ACTIVE HIGH 
76 5 4 3 1 19 18 17 16 


* TXQ XT XD *3 XG ka ky ko kQ 


ae. Am25S05 
4x2 

41 2's COMPLEMENT 

MULTIPLIER 


So Sy So $3 Sq § 


8 9 10 11 4° 15 


Table A-1 is a summary of the typical switching characteristics for each path through the multiplier. 


TABLE A 


TYPICAL SWITCHING CHARACTERISTICS 


a =) 
2 


PATH Am25S05 Am2505 Am25L05 UNIT 
eat gee nh Se a a ee 
Cy to Ch+4 8.5 13.5 32.5 ns 
Cy to S03 11.0 16.5 36.0 ns 
Cry to S45 14.0 19.5 44.0 ns 
k to Cn+4 8.25 13.5 31.0 ns 
k to SQ3 11.5 16.5 36.5 ns 
k to S45 14.0 21.5 51.5 ns 
X to Cn+4 17.5 21.0 63.5 ns 
X to Sg3 21.0 25.0 70.0 ns 
X to S45, 22.5 29.5 85.0 ns 
Y to Cn+4 21.5 33.0 75.0 ns 
Y to SQ3 23.0 35.0 83.5 ns 
Y to S45 25.0 38.5 93.5 ns 
set re a i ee 
lec (TYP.) 120 90 30 mA 
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TABLE B 


TYPICAL SPEED & POWER 


FOR 
TWO’S COMPLEMENT MULTIPLICATION 


Am25S05 


SPEED POWER 
ns WATTS 


ARRAY SIZE 


# 


YeX DEVICES 


1.2 
2.4 
4.8 


4.8 
ye 
9.6 


10.8 
14.4 
18.0 


19.2 
24.0 
28.0 


30.0 
36.0 
42.0 


43.2 
48.0 
52.8 


54.0 


4x12 


8x8 
8x12 
8x16 


12x12 
12x16 
12x20 


16x16 
16x20 
16x24 


20x20 
20x24 
20x28 


24x24 
24x28 
24x32 


28x28 
28x32 112 62.4 
32x32 128 72.0 


NOTE: With Curry’s interchanged to Reverse Speed. 


algorithm between the sign bit and the rest of the bits is 
automatically taken care of. 


The D/2 factor in the equations is used to round off the 
quotient. A double length dividend is assumed. The Am9324 
comparator array is wired for a two’s complement comparison 
with the sign digit of the product and dividend crossed over, 
the divident sign bit forming part of the multiplier word and 
the product sign bit forming part of the dividend word. 


It is evident that the divider can be used as either a divider or 
a multiplier (Figure 6) by substituting the inputs, outputs and 
providing buffering. The required control function is subject 
to the specific usage. Figure 7 indicated the application with 
bus-oriented computers such as Am9080A, 8080A, 6800, 
etc. To achieve this configuration, it will be necessary to add 
storage registers and three-state drivers. As most machines are 
clocked, the Divisor/Multiplier and dividend registers must be 
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Am25L05 


SPEED POWER 
WATTS 


Am2505 
SPEED POWER 
ns WATTS 
0.3 
0.6 
1.2 


1.2 
1.8 
2.4 


2.7 
3.6 
4.5 


4.8 
6.0 
7.2 


0.9 
1.8 
3.6 


3.6 
5.4 
7.2 


8.1 
10.8 
13.5 


14.4 
18.0 
21.6 


22.5 
27.0 
31.5 


32.4 
36.0 


7.5 
9.0 
10.5 


10.8 
12.0 


provided to retain this data for the period of operation. In 
order to avoid interference with the bus structure, all replies 
must be isolated from the data bus until requested by the 
machine (CPU). Certain exceptions can be made if the sys- 
tem will tolerate a temporary clock, stoppage while the 
multiplier/divider is operating. Although the operation is fast, 
timing consideration must be factored. The slowest operation 
(divide) will produce results in 16 clock pulses after comple- 
tion of the loading and statusing operations. The typical 
sequence is as follows: 


Multiply Sequence Divide Sequence 


Load status 

Load LSB dividend 
Load MSB dividend 
Load divisor 
Sequence ~ 12 clocks 
. Read quotient 


Load status 

Load multiplicand 
Load multiplier 
Sequence ~ four clocks 
Read LSB product 

. Read MSB product 


See NS 
Se Or SS 
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Xo X14 Xo Xq Xq Xs5 XG 


hs X1 Xz Xz Xq Xp Xp X7 Kg Ky Ko Kg Kg Kg Kg Kz 
‘1 
XZ 
“3 


Y4 8x 8 MULTIPLICATION 
ARRAY 


(REFERENCE FIGURE A-1) 


Ag 41 A2 Ag Aq As Ag Az Ag Ag Ain A11 412413 —__ 
NOT USED 


Figure 3. 8 x 8 Multiplication Array for Sign-magnitude Numbers. 


Xqo X1 X2 X3 Xq Xs XG X7 Ko Ki Ka K3 Kq Kg Kg K7 


8 X 8 MULTIPLIER 
ARRAY 


Ag Ai A2 Az Aa A5 Ag AZ Ag Ag A10 A171 412413414 Ais 


on—1) (2's Complement Number) 


X =x — x,( 
Yi =yv- yao aa} (1's Complement Number) 


XY4= XY + y5X (2's Complement Product 


Figure 4. 2’s Complement Multiplicand, 1’s Complement Multiplier and 2’s Complement Product. 
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Do 


D 
2's COMPLEMENT 
DIVISOR 


D7 


Am2503 SAR cc QUOTIENT AVAILABLE 


Q7 


8x 8 MULTIPLIER 
8 Am25S05’s 


Ao Ai Az A3 Aq Bo By Bo B3 Ba Ag Ay Ag A3 Aq Bo B, Bo B3 By 


Am9324 5-BIT 
COMPARATOR 


Am9324 5-BIT 
COMPARATOR 


Am9324 5-BIT 
COMPARATOR 


Ao Ai A2 Ag Aa Bo By Bo B3 By 


Am9324 5-B1T 
COMPARATOR 


Figure 5. 2’s Complement Rounded Division. 
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—— 


Am2503 SAR QUOTIENT AVAILABLE 


Qg Qs OQ, Q3 QZ Q; AO 


M/O Am25LS240 


oy aa) 
Q 
ROUNDED 
2’s COMPLIMENT 
QUOTIENT 
——— 
—__- 
MULTIPLICAN 
2's COMPLIMENT 
Qo Mo 
Do 
—~ 
D 
2’s COMPLIMENT 8x 8 MULTIPLIER 
Bpyiees 8 Am25S05’s 
MULTIPLIER 
D7 
Po 
D4 
Po 
a ee ee eed Ee 
ee 1 es 2 Eee 
2's COMPLIMENT Sewn aa 
PRODUCT } Ds tf 
ies eee ee 
Pp 
— a it 2 ee 2's COMPLIMENT 
nn ph ieee DIVIDEND 
| + f—_———4 eas 
Smears a Gn CSN Gl OY meh eS eee 
SR Rh ae fe ee eee 
Se ee Ce a Se (se 
‘ dl i Rees 
8 Ele Lt PCs a ES Pis 
Ag Ay A2 A3 Ag Bo 8; 82 Bg By Ag Ai Az A3 Ag Bo By Bz B3 By Ag Ay A2 A3 Aq Bo 8; Bz B3 B4 


Am9324 5-BIT 
COMPARATOR 


Am9324 5-BIT 
COMPARATOR 


Am9324 5-BIT 
COMPARATOR 


A<B 


Ao Ay A2 A3 Aq 


Bo By Bp By By 


Am9324 5-B1T 


COMPARATOR 14 DEVICES 


A<B 


Figure 6. 2’s Complement Multiplier/Divider. 
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M/D 
CONTROL 


SEQUENCER 


ADDRESS 
DECODER 


MULTIPLIER REGISTER 


ADDRESS BUS 


DATA BUS 


“BY 


DIVISOR/ PRODUCT 


3 STATE GATE 16-BIT 


DIVISOR/ 
MULTIPLIER 


QUOTIENT 


PRODUCT 


MULTIPLIER/DIVIDER 
PER FIGURE 6 


CLEAR CLOCK 


SUGGESTED PARTS 


A — 2ea. Am25LS374 
B — 2ea. Am25LS240 
C — 1 ea. Am25LS374 
D — 1 ea. Am25LS138 


Figure 7. 8-bit by 8-bit Multiplier/Divider. 
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The Am25S05, Am2505 and Am25L05 Schottky, Standard and 
Low Power TTL 2’s Complement Digital Multipliers 


By John R. Mick 


INTRODUCTION 


This application note is an updated and expanded version of 
the “A 2’s complement Digital Multiplier — the Am2505” 
application note by R.C. Ghest, published in November, 1971. 
The device is now available in three technologies. The Am25S05 
is avery high speed 2’s complement multiplier built using ad- 
vanced Schottky technology. The Am2505 is a standard power 
MSI element for medium speed applications. The Am25L05 is 
a low-power MSI circuit for slower speed applications. 


The Am25S05, Am2505, and Am25L05 can be used in 
iterative arrays to perform multiplication of 2's complement 
numbers with a minimum of hardware. The new Am25S05 
provides the capability to perform very high speed direct hard- 
ware multiplications and is especially suited for real-time 
digital processing applications. These devices will find applica- 
tions in minicomputers, recursive or non-recursive digital 
filters, Fast Fourier Transform processors, adaptive digital 
integrators and many other digital implementations of special 
arithmetic algorithms. 


At the present time, digital machines perform multiplication 
using either serial techniques, serial-parallel techniques, or all- 
parallel techniques. The multiplication speeds can be very slow 
to very fast depending on the exact hardware implementation 
used and the hardware constraints imposed. The Am25S05, 
Am2505, and Am25L05 are particularly suited for either all 
parallel multiplication or serial-parallel multiplication. 


MULTIPLICATION DEFINITION 


According to Webster’s Dictionary, multiplication is ‘’a math- 
ematical operation that at its simplest is an abbreviated proc- 
ess of adding an integer to itself a specified number of times 
and that is extended to other numbers in accordance with laws 


that are valid for integers.’’ This definition is particularly 
appropriate for binary numbers in that all hardware binary 
multiplication schemes make an ‘‘add” or ‘‘no-add” decision 
and maintain the ‘‘weighting’’ rules of binary numbers. The 
two numbers involved in the operation are usually called the 
multiplicand (the number to be multiplied) and the multiplier 
(the number that multiplies) with the result being called the 
product (later in this application note the partial products or 
partial sums will be important). 

Binary multiplication is performed as in the following four 
digit example. The terms X and Y are: 


X = xQ(20) + x4(21) + x9(22) + x3(23) 

X = xg(1) + x4(2) + xgl4) + x3(8) 

Y = yol1) + y4(2) + yol4) + y3(8) 
where x; and y; can assume a “O" or “1” value for | = 
0,1, 2o0r3. 

If X is the multiplicand and Y is the multiplier, the product S 
of X°Y is 

S = X* Y = yo(1) [xg(1) + x4(2) + x9(4) + x3(8)] 

+ y4(2) [xg(1) + x4(2) + x9(4) + x3(8)] 

+ y9(4) [xg(1) + x4(2) + x9(4) + x3(8)] 

[ ) + ] 


+ ¥3(8) xg(1) + x4(2) + x9(4 x3(8) 


In the above example, it can be seen that three additions are 
required to generate the product S of X-Y; the first two of 
these are usually called partial products or partial sums. In 
order to examine the weighting of the binary numbers in the 
above example, the complete partial product solution is shown 
in Figure 1 and the weights of the x terms and y terms have 
been combined. 


Multiplicand xg (8) + Xp (4) + x4 (2) + XQ (1) 
Multiplier v3 (8) + yvol4) + vql2) + YQ) 
X3Vg (8) + xaVg (4) + X4¥Q (2) + XQV¥Q{1) 
x3V, (16) + Xoayvq (8) + xX4vq (4) + XQyy (2) 
Carry (32) + Psqg (16) + Psq (8) + Psy (4) + Psy (2) + Ps (1) 
Carry (64) + Ps5 (32) + Psq (16) + Ps3 (8) + Psy (4) + Psy (2) + Psg (1) 
x3v3 (64) + X9V3 (32) +  X4V3 (16) + XQV¥3 (8) 
ee gE ars ee ga oe hc ee a ee Be ee 
s7(128) + sg(64) + $(32) + sq4(16) + $3(8) + S5(4) + s4(2) +  So(1) 


Figure 1. 


Multiplication of Two Unsigned 4-bit Numbers X and Y 
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The s7(128) term represents the carry out of the final sum- 
mation. As is seen, the multiplication of two 4-bit unsigned 
words results in an 8-bit product. This can be extended to a 
general statement; that is, the multiplication of a m-bit un- 
signed number with a n-bit unsigned number gives am +n bit 
resultant unsigned product. This number may be truncated of 
course and rules will be given later for determining the result- 
ing accuracy when the hardware is being reduced. 


It should be recognized that the product terms associated with 
Yo and yy, can be added in one adder and the product terms 
associated with y> and Y3 can be added in a second adder at 
the same time; thereby giving two partial products after one 
adder propagation delay time. These two partial sums can then 
be added in a third adder to give the resultant product of 
the multiplication. 


One technique for reducing multiplication time that is pres- 
ently being used in serial and serial-parallel multipliers is to 
ignore addition when the multiplier bit is a logic ‘’0.’’ When 
this is done the number of terms to be added is equal to the 
number of 1’s in the multiplier word. This method can be ex- 
tended in such a way that strings of 1’s can also be ignored— 
this leads to an important new technique for performing high 
speed multiplication. This technique will be discussed in 
greater detail later. 


Two’s Complement 


Sign Decimal 
bit Number 


0 
0 
0 
0 
0 
0) 
0 
0 
1 
1 
1 
1 
1 
1 
1 
1 


(o> et o> ee o> a ee pan ooo0o06UCU0dUlUmwMwlhlUcwOlhlUcwOOlhlUc Mm 
oo=- — oo -|' =~ OO - = (oun ee ar 
o=n7- Or OP or Or Or OF OO = 


Full Definition of a 4-bit Two’s Complement 
Binary Number 


Figure 2. 


TWO’S COMPLEMENT NOTATION 


This section is presented as a quick review of the two’s com- 
plement numbering system and is intended to give insight for’ 
the designer not familiar with two’s complement notation. The 
two’s complement numbering system is a technique for de- 
scribing positive and negative numbers in a convenient no- 
tation. When contrasted with other numbering systems such 
as sign-magnitude and one’s complement, it has the advantage 
of only having one representation for the number “‘zero.” Also, 
two’s complement numbers can be added or subtracted with- 
out concern for the sign of each number as the result will be 
correct in two’s complement notation. 


In 2's complement notation, the sign bit is a logical ‘‘0’” for 
positive numbers and a logical ‘1’ for negative numbers. Four 
bits may be used to represent the numbers +7 to —8 as shown 
in Figure 2. Notice that the sign bit does carry magnitude 
information that has a negative value. 


From this example, it is readily apparent that the magnitude of 
the negative numbers is not represented by its associated 
magnitude bits if the sign bit is ignored as is the case for the 
positive numbers. One way to find the absolute magnitude of 
a negative 2’s complement number is to invert all bits and 
add plus binary one as in the example below: 


1011 Negative 2’s complement number 


0100 Inverted 
+ 0001 One Added 
0101 Result 


From this example, it is seen that the magnitude of this 
negative numbers is five. 


Likewise, to form a negative 2's complement number, the 
Positive representation is taken, inverted, and plus binary one 
is added as shown. 


Positive number +3 


Binary representation 0011 
Inverted 1100 
One added + 0001 
Minus three in two’s complement 1101 


The advantage of two’s complement in many computers and 
digital processors is that addition and subtraction can be per- 
formed without regard to whether the numbers being added or 
subtracted are positive or negative. Examples of addition are 
shown in Figure 3. Note that overflows are discarded. 


0001 0001 1110 
0101 1111 0110 


0110 (1) 0000 


(1)0100 


0110 1010 1110 
1110 0011 1101 
(1)0100 1101 (1) 1011 


Figure 3. Examples of Two’s Complement Addition 
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Subtraction is much like addition except that the number 
being subtracted (subtrahend) must be inverted and have one 
added to its value. It is then added to the minuend. This ad- 
dition of +1 represents no problem in the hardware because 
the carry in (c,) of the least significant adder can be used for Example 1: 
this purpose — not an additional adder. Figure 4 shows 


. 1 
examples of subtraction. 


Minuend 0001+1 1110-2 1110-2 1010-6 
Subtrahend 0101+5 0110 +6 1101-3 1101-3 


Minuend 0001 1110 1110 1010 
Inverted Subtrahend 1010 1001 0010 0010 


Add 1011 0111 0000 1100 
Add One 0001 0001 0001 0001 


Result (Binary) 1100 1000 0001 1101 
Result (Decimal) —4 —8 +1 —3 


Figure 4. Examples of Two’s Compiement Subtraction. 


Example 2: 


From these examples, one might conclude that multiplication 
is simply the product of one 2’s complement number with the 
other. Unfortunately, this is not correct for negative numbers. 
One obvious technique for multiplication in which negative 
numbers are represented by 2’s complements is to determine 
the signs and magnitudes of the operands, multiply the 
magnitudes, and then if the result is negative, cast the result 
into 2’s complement form. It seems preferable, however, to 
devise a scheme for multiplying such numbers more simply. 
Booth’s method will be considered for this purpose. 


1 
1 


o;joooer-O;0 0 


BOOTH’S ALGORITHM 


In the usual methods of digital multiplication, the multiplier 
digits are examined in turn and when the multiplier digit is a 
logical ‘’1,'° the multiplicand is added to the running partial 
sum in the appropriate weight. For each multiplier digit, there 
is a relative one-digit shift between the multiplicand and partial 
sum whether there has been an addition or not. Booth’s 
algorithm provides a tool whereby more than one shift at a 
time may be made, depending on the grouping of strings of 
logic 1's or logic O's. This multiple shifting ability may be used 
to ‘‘speed up” the multiplication process. 


Figure 5. Examples of Booth’s algorithm for two’s com- 
plement multiplication 


Based on these rules as developed by Booth, it is a straight 
forward process to make a table of desired action for each of 
the four possible two-bit combinations under inspection. This 
is shown below. K is the partial product before this level of the 
algorithm and is zero initially. 

The basic algorithm as developed by Booth is as follows: yj; is 


the i-th most significant bit of an n-bit multiplier representa- 
tion. y_4 is zero. yg is the least significant bit. y,_ 4 is the Table of Operation for Booth’s Algorithm 


sign bit. X is the multiplicand. Vi-1 


Do nothing 
Add X 
Subtract X 
Do nothing 


Partial Product 


Starting with i = 0, y; and y;__1 are compared: 
K+ X 


1.) If yj = yj_4; add OX. 


- Oo — 


2.) If yj = 1 and yj_7 = 0; subtract 1X (the multi- 
plicand) from the partial product. (Add the 2's com- 


plement). As stated earlier, one of the initial goals is to develop an 
algorithm that provides the ability to look ahead more than 
3.) If yj; = Oand yj_ 4 = 1; add 1X to the partial product. one bit at a time. Therefore, the above table for one multiplier 
bit yj is expanded to Table | for two multiplier bits, yj 

Two examples of these rules are shown in Figure 5. and yj+4- 


5-51 


Am25S05/Am2505/Am25L05 


TABLE | — BOOTH’S ALGORITHM FOR TWO MULTI- 
PLIER BITS TAKEN SIMULTANEOUSLY. 


Input For For 
Yi-1 Yj Vi+1 Yji—1: Yj Vir Vi+1 
K+0 K+0 


Net Result 
Vi—1+ Vie Vi+ 


From Table | for two multiplier bits, the following con- 
clusions can be drawn: 


1.) The yj4_ bit can be used as an add/subtract control 
where logic ‘0’ is add and logic ‘‘1”’ is subtract. 

2.) The function y;_4 © y; can be used as a X weight 
control indicating the addition or subtraction of X 
to the partial product K. 

3.) The function yj_4 yj; Yi+1 + Vi-1 Vi Yj+7 Can be 
used as a 2X weight control indicating the addition or 
subtraction of 2X to the partial product K. 

4.) When in the subtract mode, the 2's complement of 
X (X plus one) is added. Thus the x; bits are ex- 
clusive OR’ed with the add/subtract control yj44. 
The plus one is generated in the partial product LSB 
by connecting the yj, to the first c, of the adder 
used to add X and K. 

5.) When 2X is being subtracted, the carry into the 
second LSB of the partial product is generated by 
connecting the first c, to yj+4 and x_ to logic 0. 


Thus, all required functions of Table | can be implemented 
using combinatorial logic elements. The resultant output is a 
“partial product’ of the total multiplication product. Re- 
member that if yj, is 1, then y has been treated as a negative 
number up to that point so the partial product may not really 
be correct yet. . 


Both yj ® yj and yj_y yj Vi+1 + Vi-1 Vi Vita are 
symmetric functions. This provides the ability to change from 
positive logic to negative logic (X = X, Y = Y) with the com- 
binatorial functions remaining unchanged. 


THE AM25S05 


The Am25S05 is an advanced Schottky MSI circuit that 
implements the algorithm previously developed in this appli- 
cation note. It can be used to multiply signed or unsigned 
numbers in various number representations and performs 
multiplications in either positive or negative logic. This dis- 
cussion applies to the Am2505 and Am25L05 as well; but the 
Am25S05 has been assumed to provide a single device for 
discussion purposes. 


The logic diagram of the Am25S05 is shown in Figure 6. The 
logic symbols and connection diagram are shown in Figure 7. 
The Am25S05 consists of five parts: a multiplier decoder, a 
shifting array, a complementer, a high speed adder, and a 
overflow and sign control. 


1.) Multiplier Decoder 
The multiplier decoder generates the required control signals 
for the shifting array and complementer. First, it decodes 
whether OX, 1X or 2X of the X multiplicand is to be added to 
the incoming partial product. Second, the multiplier decoder 
generates the add/subtract command. The decoder generates 
the functions. 


A = yi_-4 ® Yj 1X used 
B = yi-1 Vi Vit + Yi-1 Yi Viet 2X used 
C=P vier + PlyjaqA + Vi_-1 yj) add/subtract 


(P input LOW = positive logic; P input HIGH = negative 
logic; P defined true for negative logic). 


The “‘zero’’ times the multiplicand is obtained by AB. The P 
input controls the add/subtract sequence so that the multiplier 
can work in either the positive or negative logic representation. 
The function includes terms to handle logic ‘‘O X"’ independent 
of the positive or negative logic representation when the de- 
coding functions A and B are both false. 


2.) Shifting Array 


‘The shifting array generates 0, 1 or 2 times the multiplicand 


and applies this to the complementer. X is inverted through 
the shifting array and ‘0’ is implemented as all HIGH’s out 
of the array. The X_1 input is used to shift up the next lower 
order bit for the 2X function. 


3.) Complementer 


The complementer consists of a set of exclusive-NOR circuits 
controlled by the add/subtract function. The add command 
applies a ‘‘0’’ to each exclusive-NOR while a subtract applies 
a “1” to each exclusive-NOR. The add command thereby 
Causes each output of the shifting array to be inverted. Thus, 
the x; inputs are applied non-inverted to the high speed adder 
in the add mode and applied inverted in the subtract mode. 


4.) High-Speed Adder 
The high-speed adder is a 4-bit high-speed parallel carry look- 
ahead adder that adds the selected function of the multiplicand, 
X, to the partial product presented at the K inputs. The adder 
also has a carry input, C.; a carry output Cy+4; and four sum 
outputs, Sg to S2. 


5.) Overflow and Sign Control 


At the most significant end of the array, i.e. where the sign 
bits are processed, a problem arises when an overflow occurs 
as a result of (a) an addition or subtraction or (b) the need to 
use 2X in the adder. To overcome these overflow situations, 
the sign digits of the multiplicand and partial product must be 
repeated twice. Luckily some logic minimization is possible 
and the Sq and S5 outputs, which are the most significant bits 
of the 6-bit signed product, can be generated quite easily. 
These two outputs are required only at the most significant 
end of each iterative step of a multiplication. In order to re- 
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Figure 6. Logic Diagram for the Am25S05 


Vec v1 %o ¥1 P ko ky ko kz Sh Sq Cye4 
ACTIVE HIGH 
765 43 °=1 19 18 17 16 


ACTIVE LOW 


765 43 «1 19 18 17 16 . 
24 23 22 21 20 19 18 17 16 15 14 13 


X_1 XQ X1%2 x3 x4 kg ky kg kg 


Am25S05 
vee Am25S05 


2's COMPLEMENT 
MULTIPLIER Cn+4 


So $1 So S3 Sq Ss 


X_1 XQ X1*%2 X3 x4 kg ky k2 kg 
Am25S05 
4x2 


2's COMPLEMENT 
MULTIPLIER 


So S; So $3 S4 Ss 


10 11 «12 


S2 $3 GND 


Figure 7. Logic Symbol and Connection Diagram for the Am25S05 


duce input loading on x3, an additional xq input is provided 
which is a part of this overflow circuitry. The xq input must be 
connected to x3 at the most significant end of the array only 
and can be left unconnected elsewhere. 


ITERATIVE ARRAYS USING THE Am25S05 


Since the Am25S05 is a 2 x 4 multiplier and performs the 
arithmetic function S = XY + K, it can be used as an iterative 
cell in multiplication schemes. The number of multiplier de- 
vices required for the multiplication of a n-bit X by an m-bit 
Y is given by 


wns ot coves (3) (2) 
umber o evices = ([ 5 


where X and Y are the multiplicand and multiplier, re- 
spectively. (Note — fractions must be rounded up). 


When the array is extended, only the Sg through S3 outputs 
are used in the partial product until the most significant end 
of the array is reached. Then, the Sg and Ss outputs are used 
for the most significant bits. Thus, a 4 x 2 multiplication 


gives a 6-bit output; an 8 x 2 multiplication gives a 10-bit out- 
put; a 12 x 2 multiplication gives a 14-bit output and so forth. 
For the 12 x 2 multiplication case, Sg through Sz are the 
outputs of the two least significant multipliers and Sg through 
S5 are the outputs of the most significant multiplier to provide 
the 14-bit result. When the multiplier array is expanded in the 
Y direction, it is expanded on a row by row basis. The S out- 
puts of one row are connected to the K inputs of the follow- 
ing row that are shifted up by two bits in the X direction 
(A weight of 22 = 4). The two least significant output bits 
not connected (Sq and $1) provide two of the array outputs, 


Figure 8 shows four Am25S05’s connected to form a4 x 8 
array that produces a 2’s complement product from a 4-bit 2's 
complement multiplier and an 8-bit 2’s complement multi- 
plicand. The scheme is shown for the positive logic representa- 
tion; for the negative logic representation, P must be held high 
rather than LOW, and ‘1's and ‘O’s must be reinterpreted. 
Since the first iteration is treated as if the previous operation 
were an addition, the x_4 and y_ 1 inputs are held at logic 
‘0’. The Sq and Ss outputs are ignored except at the most signi- 
ficant edge of the array. The K inputs allow the accumulation 
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Figure 8. 2’s Complement 8 x 4 Multiplication. Active High Levels 


of partial products as information passes through the array. 


Since at the first stage the partial product does not exist, the 
K inputs can be used to add in a number at the least significant 
end of the product. Otherwise the K inputs should be held at 
logic ‘0’. This feature is very useful as many arithmetic 
processes consist of a series of multiplication and additions, 
and these K inputs may save additional devices. For multi- 
plication with longer word lengths, the array can be extended 
in both the X and Y directions. 


Figure 10 shows the straightforward method of stacking multi- 
pliers so as to accumulate partial products and generate a re- 
sultant product. 


Figure 9 diagrammatically shows the connection scheme for 
the 12 x 12 multiplier of Figure 10, the straightforward parallel- 
ogram structure. The longest propagation delay path is shown 
by the arrow. The typical propagation delay of this path is 
computed as shown in Table Il. Note that this is not the 
maximum speed connection. 


In the diagram of Figure 9, the shorthand notation inside the 
individual multiplier notation represents the ‘‘system’’ bit 
numbers connected to the Yo and xg bits respectively. Thus, 
if the system words are A and B, 4°8 represent Aq is con- 
nected to Yq of that multiplier element and Bg is connected 
to Xg of that multiplier element. Remember, each individual 
Am25S05 is labeled y_ 4, YO. V1) X—4+ XQy X4, X9, X3 and xq. 
When connected in an iterative system, these inputs should be 
relabeled to Yji-1 Yi. Vie Xj—1) Xj. Xjt+1: Xj+2: Xj+3 and 
xj+3 (not xj+4). Then the ij nomenclature inside the element 
_is for the subscript of the system bit numbers. 


Figure 9. Diagrammatical Representation of Standard 
12 x 12 Parallelogram Structure and Longest 
Propagation Path 


TABLE Il — CALCULATION OF TYPICAL PROPAGATION 
DELAY FOR PARALLELOGRAM 12 x 12 MULTIPLIER 


tPLH 


tPHL tpLH * tPHL 
Typical 


Typical 2 
21.5 ns 
8.5 ns 
11.0 ns 
8.25 ns 


yj to Cn+4 
Cy to Cn+4 
Ch to SQ3 


kj to Cy+4 


4 Additional 
Cr to Sg3 and 
kj to Cyh+4 paths 


77.0 ns 


14.0 ns 
140.25 ns 
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12 x 12 Multiplier in Parallelogram Structure 
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Figure 11. High Speed 12 x 12 2’s Complement Multiplication 
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A second, faster configuration for the connection of a 12 x 12 
multiplier in a parallelogram-type structure is shown in the 
connection diagram of Figure 11 and diagramatically in Figure 
12. The significant difference between the connection in 
Figure 11 and the connection in Figure 10 involves the y inputs 
connected to the carry inputs. Notice in Figure 10 that there 
are y inputs going into carry inputs down the left edge of the 
array to add “1” at the LSB of the partial product during sub- 
traction. Every odd yj; goes into a carry of weight i. How- 
ever, within the array there are carry signals lying in the 
critical speed path with the same weight as these y inputs. By 
interchanging some of these y inputs with carries higher up in 
the array, it is possible to shorten the critical speed path. For 
example, the carry out of the first Am25S05 has a weight of 
24 as does the Y5 input in the third row carry in. By inter- 
changing these two signals as shown in Figure 11, the first 
Am25S05 is removed from the critical speed path. The carry 
between the first and second devices in the second row has a 
weight of 26 and may be interchanged with the: y7 signal. 
This interchanging may be continued across and down the 
array wherever applicable. The general philosophy of this 
method is to equalize the delays through the array from the 
top to all parts of the output rather than having some output 
bits available very rapidly and others more slowly. The result 
is that the longest propagation delay path will also be de- 
creased. Table Ill shows the computation for the typical 
propagation delay of the longest path for this connection. 


Figure 12. Diagrammatical Representation of High-Speed 
12 x 12 Parallelogram Structure and Longest 
Propagation Path 


TABLE Hil — CALCULATION OF TYPICAL PROPAGATION 
DELAY FOR 12x12 MULTIPLIER WITH CARRIES MOVED 


tPLH 


tPHL tpLH + tPHL 
Typical rr, 


Typical 2 

yj to So3 23 ns 23 ns 23 ns 
13.5 ns 9.5 ns 11.5 ns 
6.5 ns 10 ns 8.25 ns 
Cy to SQo3 12 ns 10 ns 11.0 ns 


2 Additional 
kj to Cn+4 and 
Cy to Sgo3 paths 


kj to So3 
kj to Cy+4 


2(8.25 +11.0)ns 38.5 ns 


6.5 ns 10 ns 
Cry to S45 15 ns 13 ns 


8.25 ns 
14.0 ns 


kj to Cn+4 


Total 114.5 ns 


Am25S05/Am2505/Am25L05 


A third configuration for a 12 x 12 multiplier is shown 
diagrammatically in Figure 13. In this structure, four of the 
Am25S05's have been moved vertically while maintaining the 
relative partial sum weights. This results in an increase in 
speed over the standard parallelogram structure by decreasing 
the maximum propagation path length. The speed of this 
triangular structure, Figures 13 and 15, is the same as that of 
the parallelogram structure with carries moved, Figures 11 
and 12. 


Figure 14 diagrammatically illustrates the connection scheme 
for 16 x 16 arrays connected in the three types of structures 
previously described. In each method the carry-in connection 


Figure 13. Diagrammatical Representation of 12 x 12 
Multiplier in Triangular Array 


Fig.14(c) 


Figure 14. 16x 16 Multiplier Connection Schemes: 
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Figure 15. Connection for 12 x 12 Configuration in the Triangular Array. 
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TABLE IV — TYPICAL MULTIPLICATION TIME IN NANO- 
SECONDS. 


Time (ns) 
Method 2 
Method 3 


Time (ns) 
Method 1 


Number of 
Am25S05’s 


Array Size 
YxX 


to the C,, level is shown. If no connection is shown, it is 
assumed that C,.4 is connected to the next C,. Table IV 
shows the delays and package count for various size multi- 
plier arrays using these three connection methods. 


FASTER MULTIPLICATION USING ADDITIONAL ADDERS 


If faster multipliers are required, the multiplication array can 
be split into several parts and the partial products from these 
parts added using high-speed carry look-ahead adders. This 
method results in a substantial increase in speed — especially 
for larger multipliers — with relatively few additional packages. 
One connection for a 16 x 16 multiplier using one level of ad- 
ditional partial product adders is shown diagrammatically 
in Figure 16. 


This method involves breaking the array into two 8 x 16 in- 
directly structured arrays. The first contains all X connections 
and the Y connections to the 0, 1, 4, 5, 8, 9, 12 and 13 bits. 
The second array contains all X connections and the Y con- 
nections to the 2, 3, 6, 7, 10, 11, 14 and 15 bits. In all cases, 
the yj;_1 bit is connected to the correct weight bit. For ex- 
ample, yj__1 is connected to bit 5 for yg = 6 and yj = 7. 
Notice that for both 8 x 16 structures, the y;_4 bits are 
cross coupled to the other array. The typical speed computa- 
tion for this connection is shown in Table V. 


Another connection scheme for a 16 x 16 multiplier using 
three additional partial product adders (two levels) is shown in 
Figure 17. Here, the multiplier is broken into four 4 x 16 
arrays. Then the outputs of two of the arrays are combined in 
one high-speed adder and at the same time the outputs of the 
other two arrays are combined in another high speed adder. 


Am25S05/Am2505/Am25L05 


Figure 16. Multiplier Connection with One Level of Ad- 
ditional Adders 


TABLE V — CRITICAL PROPAGATION DELAY PATH FOR 
16 x 16 MILTIPLIER WITH ONE LEVEL OF ADDERS. 


tPLH 


Path One Typical 


23.0 ns 
6.5 ns 
12.0 ns 
13.5 ns 
6.5 ns 
8.0 ns 
12.0 ns 


yj to So3 
kj to Cy+4 
Cp to So3 
kj to Sg3 
kj to Cn+4 
Cy to Cn+4 
Crh to SQg3 
A to Cy+4 
Cry to F 


Path Two 


yj to Sg3 
kj to Cn+4 


Am54S/74S181 
Am54S/74S181 


tPHL 
Typical 


23.0 ns 
10.0 ns 
10.0 ns 
9.5 ns 
10.0 ns 
9.0 ns 
10.0 ns 
Assumed 


Assumed 


23.0 ns 
10.0 ns 
9.0 ns 


tpLH * tPHL 
2 


23.0 ns 
8.25 ns 
11.0 ns 
11.5 ns 
8.25 ns 
8.5 ns 
11.0 ns 
12.5 ns 
7.0 ns 


101.0 ns 


23.0 ns 
8.25 ns 
8.5 ns 


Cy to Cy+4 
4 Additional 


Cy to Cna4 4(8.5 ns) 


34.0 ns 


10.0 ns 
Assumed 


11.0 ns 
12.5 ns 
7.0 ns 


12.0 ns 
Am54S/74S181 
Am54S/74S181 


Cy to F 


Assumed 


104.25 ns 
~105 ns 


Total 


The resultant sums of the two high speed adders are combined 
in a third high speed adder which gives the total multiplication 
result. The typical speed computation for the longest path of 
this connection is shown in Table VI. 


The advantage of the scheme shown in Figure 17 is that about 
one-half of the total delay is in the external adder. A further 
decrease in the average multiplication time can be achieved by 
storing the partial sums in registers or latches, then adding the 
stored parts in the high speed adders. This results in a two-step 
time sequenced mode of operation. 


TIME-SEQUENCED MULTIPLIERS 


The Am25S05 can be used as the main element in a time- 
sequenced multiplier. This is illustrated in Figure 18. The 
multiplier and partial product are shifted two places after each 
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iteration. Three single-length registers are required: one holds 
the multiplicand; the other two hold the double-length pro- 
duct. The least significant part of this double-length register 
originally holds the multiplier, which is sequentially shifted 
out during the computation. A shift of two places is obtained 
by splitting the multiplier and partial product into odd and 
even parts and placing the odd bits in one shift register and the 
even bits in the other. A shift of one place of both registers 
then effectively acts as a shift of two places. 


The scheme can be extended to use any number of even multi- 
plier bits. As the number of bits increases, the multiplication 
time increases, and the amount of ancillary hardware increases. 
When Am25S05’s are used in a combinational array, the array 
does not require any additional devices. Time-sequenced 
multipliers are worthwhile mainly if the word lengths are long 
or if the auxiliary registers can be shared with other arithmetic 
operations. This is one example of a serial-parallel multiplier. 


INTEGER MULTIPLICATION 


The Am25S05 can multiply 2’s complement numbers in either 
integer or fractional form. The primary difference is in the 
thought process of the designer. When the binary patterns are 
treated as integers, the 2’s complement numbers can be rep- 
resented as 


Xx X — X¢ gn—1 
Y Y—Yg am—1 
K =k—k,2P-1 
where 
Xs = sign bit of X (one or zero) 
Ys = sign bit of Y (one or zero) 
ky = sign bit of K (one or zero) 
x = magnitude bits of X (less sign) 
y = magnitude bits of Y (less sign) 
k = magnitude bits of K (less sign) 
n = number of bits in X word 
m = number of bits in Y word 
p = number of bits in K word 


For example, if six bits are assumed for X, n =6 and the sign 


bit has a weight of —26—1 = _95 = _39. The other magnitude 
bits have their normal weight and since there are five other mag- 
nitude bits, they are 20° 21, 22, 23, and 24. Thus, 2’s comple- 
ment integer numbers for n = 6 bits are as shown below: 


Magnitude bits 


Integer 
Decimal 
Number 

Equivalent 


20-0 = =]a 
Oo- 00 = =]a 
Oo- 00 = =I/Nn 
on- =] oO = Ol] 


[modem oe [012 | 


pe 0.0 | ee ay 2 


(sa [pes [a2] 
A A 


2 ie a 
ae Be ee eq [ee 


ot [oe [oe 
oe | wf [we | we [an 


Figure 17. Multiplier Connection with Two Levels of Ad- 
ditional Adders 


TABLE VI — CRITICAL PROPAGATION DELAY PATH 
FOR 16 x 16 MULTIPLIER WITH TWO LEVELS OF ADDERS 


tPLH 
Typical 


‘PHL tPLH + tPHL 
Typical 2 
23.0 ns 
12.0 ns 
6.5 ns 


20.0 ns 
10.0 ns 
10.0 ns 
8.0 ns 9.0 ns 
12.0 ns 10.0 ns 
Am54S/74S181 Assumed 
Am54S/74S181 Assumed 
Am54S/74S181 Assumed 
Am54S/74S181 Assumed 
Am54S/74S181 Assumed 


21.5 ns 
11.0 ns 
8.25 ns 
8.5 ns 
11.0 ns 
12.5 ns 
7.0 ns 
12.5 ns 
7.0 ns 
7.0 ns 


yj to Cn+4 
Cry to S93 
kj to Cn+4 
Cry to Cy+4 
Cy to So3 
A to Ch+4 
Cp to F 

A to Cny+4 
Cy to Cn+4 
Cy to F 


Total 106.75 ns 


When the product of X and Y is considered, the following 
equation results: 


SKY = xy 2A xy 2 yng a le ny 


The 2’s complement product requires m +n bits in order to 
represent all possibilities. Note that there is only one con- 
dition where the m + n bits are required; that condition being: 


=—29—-1 and Y =—2m—1 


This condition gives S = XY = 2M+*N—2 which requires m+n 
digits in a 2's complement signed integer number. 


Consider n = 6 and m = 4, then x, has weight —32 and Y, has 
weight —8. For X = —32 and Y = —8, the product XY is +256. 
The 2’s complement representation is 0100000000. Ten bits 
are required to properly represent the 2’s complement number. 
All other combinations of values for X and Y require only 
m +n —1 bits to represent the 2’s complement number. For 
n = 6 and m = 4 in this case, the ninth bit represents the pro: 
duct sign. Consider (+7) x (—31) is equal to —217 or 
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Figure 18. 8 x 8 Time Sequenced Multiplier 
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100100111. Notice that 1100100111, the ten bit 2’s comple- 
ment representation is identical in value. 


The genera/ requirement for the product solution of XY ts: 
S=XY=s—s5, 2mtn—-1 


and all binary operations must be carried through m + n bits 
in the product soltuion unless a simplification is assumed. 


In the Am25S05 (as well as the Am2505 and Am25L05), the 
sum output, S, of the device is: 


S=XY+K. 
This can be seen in Figure 6. 


The devices are designed such that in an iterative array, the K 
inputs to the adder are available only at the initial least 
significant partial product input. Thus in an iterative system, 
the sum is defined as: 


S = XV gm+n—2 _ XVg gm—1 _ (yx, + kg) 2N-14 xy +k 


The k, term can contribute at weight 2n—1 and the k term at 
weight 20 = 1, Thus, m +n bits are sufficient to contain all 
possible values of S= XY + K. 


FRACTIONAL MULTIPLICATION 


Fractional multiplication using the Am25S05 is identical with 
integer multiplication but the notation is changed. The frac- 
tional number range is usually limited to —1<xX<1—27-(n—-1), 


The fractional 2’s complement binary numbers can be 


represented as: 


ye 27 ag dl ee 
K =k 2-(P-T) _k, 


where the notation is as with integer arithmetic. The sign bit 
now has a weight of —20 = —1 and the other magnitude bits 
have their normal fractional weight. 


Two’s complement numbers for n = 6 are as shown below. 


DU. pak (Oe. OS 4 2-5 
Fractional 


Equivalent 
1/16 


—1 1/2 1/4 1/8 


1/32 


14/32 = 7/16 0 0 1 1 1 0 
31/32 0 1 1 1 1 1 
0 0 0 0 0 0 0 
—7/32 1 1 1 0 0 1 
—25/32 1 0 0 1 1 1 
—32/32 = —1 1 0 0 0 0 0 


The notation difference in the fractional representation is that 
all the integer representations have been divided by 2(N—1). 


The fractional product XY is 


S= XY = Xo Vom XcV QV say x 2—(n—1) + xy 2—(m+n—2) 


Again, m+n bits are required to cover all possible combinations. 
Note that X = —1 and Y = —1 results in XY = +1 which is be- 
yond the normal range. In order to cover this possibility, the 
sign bit should be given a weight of —2 (instead of —1); the 
next most significant bit is weight +1, the next is +1/2, and so 
forth. If the —1 times —1 possibility is excluded only m+n—1 
bits are required. 


The Am25S05 used in an iterative structure produces a frac- 
tional sum S = XY + K, but the K inputs are now at the same 
weight as the least significant partial product inputs. Thus 
K =k 2-(mtn—2) — k, 2-(m—1)_ The sum is: 


S=XY+K= xeyy — (xy tk) 27¢M—1) _ y, x gael 


a% (xy ae k) 9—(mt+n—2) 


This general equation requires the sign bit to have a weight of 
—2 and all arithmetic to be carried to m+n bits to represent 
the two’s complement solution. 


In conventional minicomputer 2’s complement multiplication 
of fractional numbers, the product, S, has only m+n—1 bits 
and is constrained in the range of —1 <S < 1—2—(m+n—2) 
with the most significant bit (sign bit) having a weight of —1. 
Outside of this range, an overflow indication is given. The 
Am25S05 produces a product of m+n digits so that all 
product results XY+K are correctly represented and the sign 
bit has weight —2. Notice that if K = 0 (the condition in con- 
ventional machine multiplication), m+n digits are required only 
for X = Y = —1. Thus if S is used with m+n—1 bits, the most 
significant bit of the Am25S05 array can be ignored, and an 
overflow indication can be generated by S_9 ® S44 (S5 ® Sq 
on the most significant Am25S05 output). 


In fractional notation, the K inputs add to the least significant 
end of the adder. If K is negative, the k, bit is in effect re- 
peated completely across the most significant part of the pro- 
duct via the xq input and Sq and Sp outputs. If a double length 
K addition is required, an adder can be appended to the most 
significant part of the product with the carry-in terminal con- 
nected to k, so that the “1’’s across the most significant part 
of the product are removed and the desired most significant 
bits added. Figure 19 shows a 4 x 4 multiplication with double 
length addition while Figure 20 shows numeric examples of 
4 x 4 multiplications. 


In the connection scheme of Figure 19, an AmM25S05 has been 
used as an adder to provide the desired overflow operation at 
the most significant end of the word. With the y input con- 
nection shown, the adder performs S = X plus K with the Sq 
output correct for this 2’s complement number range. The Ss 
output is not used. If K is limited to the range of —1-1/8<K 


< ae ,an adder such as the Am54S/74S181 or Am54S/74S283 


can be used to perform the addition of the most significant K 
bits. In this case only 8 bits will be required to represent the 


product and it will be in the range of -2 <S< 1 64° 
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Xg X1 X2 X3 Kg Ky Ko Kg Kgs Kg Kz 


* * 


X_4 xo x4 XO X3 xq ko ky ko k3 


Y y 
0 0 Am25S05 
aes i he 
1 @ 2's COMPLEMENT 
ial Cc MULTIPLIER 
G F 
Y2 Yo Am25S05 
a a eee ax 2 
3 i 2's COMPLEMENT 
MULTIPLIER 
G OP 
So Sy 
te Xo x1 %2 XB Xq ko ky ko k3 
Yo Am25S05 
v4 4x2 
2's COMPLEMENT 
Ce MULTIPLIER Ch+4 
GOP 
So $1 So $3 S84 Ss 
x 
So $4 Sq $3 S, S_ Sg S7 Sg 
g-6 9-5 2-4 2-3 g-2 2-1 20 21 _22 
63 63 
5=X-Y-K Severe, -2<k<1 8 -27118<S< 2%, 


Note: * Denotes decimal point definition. 


Figure 19. 4x 4 Fractional Double Length Multiplication and 
Addition. 


ROUND-OFF 


It is often convenient to use only the most significant half of 
a product. This product should be rounded off; that is, it 
should approximate the best n-bit answer possible. This can be 
done by examining the least significant half of the product, 
and if it is greater than or equal to a certain value, (normally 
1/2 that of the least significant digit of the truncated product) 
adding a ‘1’ to its most significant position. 


Forming a rounded t-bit product from a conventional pro- 
duct constrained within the range —1 <S$ < 1—2-(mtn—2) 
can be accomplished by adding a ‘1’ to the K input at weight 


Am25S05/Am2505/Am25L05 


Frac- 
tional 
OVER- —1 1/2 1/4 1/8 1/16 1/32 1/64| value 


FLOW 


Example #1 


Sign extended via kg 


XY+K O Oo oO 1 

Example #2 

Xx 1 0 0 0 -7/8 

Y 0 1 0 0 1/2 
XY 1 1 1 0 0 1 0 O | -28/64 
+K 41 1 1 1 1 1 1 -1/64 


Sign extended via k, 


XY+K 1 1 
Example #3 
x 


1 0 


Sign extended via kg 


0 0 


1 


Figure 20. Three Examples of Two’s Complement 4x 4 Multi- 
plications 


2—-t. For the case where t = m =n, this is one k position lower 
than the K sign digit. An example of rounding for t=m=n=4 
is shown below. 


Xx = 90 O 7 1 = 3/8 
Y = 0. 1 0 1 = 5/8 
XY 0.. O O 1 1 +1 =#«=1 == 15/64 
+K = 00. 0 0 0 1 0 QO 

S = 00 0 1 0 0 1 1 


Rounded t-bit product from the 2t-bit product is 
i) = 0 oO 1 O = 1/4 


For the case m = 4 and n= 8, the sum of nt+m is 12. If a six bit 
rounded product is desired, a ‘’1’’ is added at weight 2-6. If an 
eight bit rounded product is desired, a one is added at 
weight 2-8, 


If the sum output is not constrained as before but covers the 
range —2<S < 2—2—(m+n—2) care must be taken when 
rounding. For the case where m =n is rounded to m(or n) bits 
the ‘‘1"" is to be added at the k, (sign) weight. The multiplier 
would treat this as a negative k, sign bit and it would be ex- 
tended up through the array most significant bit. Therefore, 
this connection cannot be made. It is recommended that for 
this case, the k, sign bit be connected to logic ‘‘0’ and all 
lower order k bits be connected to logic “’1'’. This comes very 
near the desired rounding criteria; otherwise an additional 
adder is required at the output to add a one at the k, 
weight only. 
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TABLE VII — WORST CASE EFFECT OF TRUNCATION BY REMOVING MULTIPLIERS 


Truncated Bits 


TRUNCATION 


If the user is prepared to accept a truncated product where the 
product is incorrect by some fraction of a least significant 
digit, the number of IC’s required for the multiplication can be 
reduced. The designer can determine the accuracy required for 
his application and remove packages as long as the error does 
not exceed the desired accuracy. 


A simple procedure for examining the effects of removing each 
Am25S05 is as follows. Each 4 x 2 multiplier can effect 5 bits 
of the output partial product by its Sg, 54, $9, $3, and ChH+4 
output. As each package is removed, the effect on each bit 
level can be evaluated by summing the total bits involved. 


This is best shown by an example. Assume a 12 x 12 mulTti- 
plier with a 24-bit result (Reference Figure 12). When the0°0 
multiplier (yx) is removed, the 5 LSB’s are effected. If the 
2-0 multiplier is removed, then the first eight LSB’s are effected 
as shown in Table VII. If the 0°4 multiplier is also removed, 
then two multipliers have been removed from row one and one 
multiplier from row two. Only the first nine bits of row one 
can be effected by the removal of two multipliers. Since 
C,,+4 of 0°0 was considered before, the Sg bit of 0-4 cannot be 
added a second time. Therefore, when the 0-4 multiplier is 
removed, only the Sq, S9, S3 and C,.4 bits effect the result. 
This is shown in Table VII by cancelling the Sg bit of “0-4 
removed"’. When the 4-0 multiplier is removed from row 3 the 
So, $4, Sa, S3 and Cy+q bits effect the result. When the 2°4 
multiplier is removed from row 2, the Sg bit cannot be con- 
sidered. 


Thus, from Table VII it can be seen that when 0:0, 2:0, 0-4, 4:0 
and 2°4 are removed, the first 12 LSB’s are effected and the 12 
bit sum output will be accurate to about 3/4 LSB at this point. 
Thus, 5 multiplier packages can be removed from a 12 x 12 
multiplier and maintain a 3/4 LSB accuracy. Note that 18 
devices are required for full accuracy. If the 6°0 multiplier 


Multiplier 


removed 


0-0 removed 
2:0 removed 


effect 
0:4 removed 


effect 
4-0 removed 


effect 


2-4 removed 


effect 
6-0 removed 
effect 


is removed from row 4, the 12-bit result will be accurate to 
about 1 LSB, but only 12 devices are required rather than 18. 


One further note on truncation; when a binary word is 
truncated, the accuracy is not +1 LSB or +1/2 LSB, etc. The 
truncated result can never increase the magnitude of the LSB 
because this would include rounding. Thus, a truncated result 
is always the sum, S, plus zero magnitude of the LSB and 
minus 1, 1/2 or 1/4 (or any other number) LSB. The mag- 
nitude always becomes more negative for either positive 
or negative numbers. 


From this discussion, it should be apparent that the designer 
can remove packages and truncate the product to any desired 
bit length and accuracy. When the product is truncated, no 
speed increase usually occurs, since the removed multipliers 
are not in the longest critical speed path. This assumes that the 
highest speed connection is being used. 


MULTIPLICATION IN OTHER NUMBER REPRESENTA- 
TIONS 


Although 2’s complement multiplication is the one most widely 
used, multiplication in other number representations often 
must be performed. The Am25S05 can be used to perform 
these multiplications if appropriate care is used and the proper 
connections are made. 


UNSIGNED (Magnitude-only) MULTIPLICATION 


The most straightforward technique to perform magnitude- 
only multiplication is to generate two “always positive” two's 
complement numbers. This is accomplished by adding a logic 
“0” as the most significant bit of each word, thereby generating 
a positive sign bit. This increases both the X and Y word 
lengths by one bit. The Am25S05 can be used “as is’ to per- 
form this multiplication and the two most significant multiplier 
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sum bits are ignored. Thus, if m= 4 and n= 6 in a magnitude- 
only representation, a 5 x 7 multiplier configuration is re- 
quired. The two MSB’s of the 12-bit sum are ignored which 
result in a 10-bit product solution in a magnitude-only 
representation. Note that the multiplier still performs XY + 
K and m +n bits are sufficient to contain all possibilities. 
(A 6 x 8 connection is actually used). 


A second technique for unsigned multiplication also requires 
extending the word length one bit, but need not require a 
larger array. A logic ‘0’ is appended to each word as a 
positive sign’ bit; then the LSB of each word is considered 
separately. 


Xe = xg + 2x — Me! 

Ye =Vo+ 2v—v52™ 
Since x, = Y, = 0, the extended product is 
XeYe = 4xy + 2xyg + 2yxXQg + XQVQ 


A n-bit by m-bit multiplier array can be used to generate 4xy 
and a conditional adder can be used to generate 2xyg + 2yxo. 
The term from this adder can be added to the multiplier array 
at the K input. The 1, 2 and 4 show the proper weighting for 
each term. The term xoYq Is just an AND function and cannot 
produce a carry output. The first stage of the conditional 
adder produces the first bit of the product. The remaining 
product digits are produced at the output of the multiplier 
array. The sign digits x,, y, and kg are held at logic O and the 
two most significant multiplier sum bits are ignored. The ad- 
vantage of this connection is that the conditional adder is con- 
nected to the K inputs and in some cases the total multipli- 
cation time may be faster than if the above method is used. 


It should also be noted that depending on the word lengths 
being used, it may only be necessary to extend one of the input 
words (X or Y) beyond the iterative array convenient length. 
Then it may be possible to use the K inputs as most of the 
conditional adder. 


SIGN-MAGNITUDE MULTIPLICATION 


The most straightforward technique for performing sign mag- 
nitude multiplication is to split the sign from the magnitude 
and perform the magnitude multiplication as described in the 
magnitude-only section. The sum sign bit is Ss. = X<Vg + XoVo = 
X5 ® Ye, which can be performed in an external exclusive-OR 
circuit. Note that for a sign magnitude notation, m = 5 and 
n = 7 only mtn—1 = 11 bits are needed for the sign-mag- 
nitude XY product. Caution — care must be taken when using 
the K inputs because a negative product plus K may be positive 
and no provision is made for this in the sign bit representation. 


The notation used for a sign-magnitude word is: 


Xom = X(1-2xg) 
Yom = y(1—2y,) 


The Xgm Yom Product is Sor = Kon Vein = xy (1—2x,)(1—2y.,)= 
xy (1-2x, —2y, + 4x6Yo) 

The Am25S05 2’s complement multiplier produces the pro- 
duct: S = XY = XcYg amtn—2 — XY gm Ta YXo 2n—1 + xy 
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The resulting solution for the sign magnitude multiplication 
if the signs are included in the Am25S05 connection is 


Som = (XY — X6¥g gm+n—2 4 XY gm—1 4 YX¢ qn—1) 
(1—-2x, —2y, + 4x.Y¢) 


There are four conditions for x,y, and the correction required 
in each case is as shown below: 


XsV5 


XY (no correction) 
10 —XY — y2n-1 
01 —XY — x2m—1 
11 XY —2mtn—2 + x2M—-1 + y2n—1 


Since the terms to be added begin at weight gm—1 9n—1 of 
2m+n—2 they must operate on the most significant part of the 
product. Therefore, additional adders are required at the out- 
put to make the proper connection. The technique of keeping 
the sign bits separate from the multiplier array and setting 
K = 0 is recommended. 


ONE’S COMPLEMENT MULTIPLICATION 
One’s complement multiplication does not have a straight- 
forward method as do unsigned or sign-magnitude multipli- 
cation schemes. The notation used to represent a 1's 
complement number is 
X, =x — x, (20-1 —1) 
¥1=¥—Yz (2™™1 —1) 
Sy, = X41Y¥q =xy + xy(1—2™— 1) + yx.(1—2"— 1) + 
x.y,(1-29-1 = am—1 re gmtn—2) 
If the X and Y word length are the same, then m =n and the 
product reduces to: 
Sy =XqV 1 =xy + (xg + ¥%Q)(1-29-1) + xyg(1-27 + 220-2) 
The Am25S05 product for m =n is 
XY = XV5 g2n—2 _ (xy, + yXg) gn-14 xy 


Remembering the definitions for X and Y in 2’s complement, 
the solution for the one’s complement multiplication sum 
for m=nis 


S1 = XY + xVg t VX + XsV5 (1-2-2971) 
Sy = XY +X. + Yo X + XV 


Note that the one’s complement word relates to the two's 
complement word as 


X1 = X+x, 
Y, = Yt¥5 
Therefore, the one’s complement solution can also be given as 
Sy = XY¥+ Xs¥ 1+ VsX%1 — XsY5 


The four conditions for x,y, with m =n are: 
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X1Y 71 Result 


Correction Requires 2's Complement 
Inputs and 2’s Complement Addition 


XY XY 

XY +Y4 

XY + Xq4 

XY + X4+Y4-1 


XY +Y¥ 
XY +X 
XY+X+Y+1 


X1Y41 Result 


Correction Requires 1’s Complement 
Inputs and 1's Complement Addition 


X1Y1 Result 


Correction Requires 1’s Complement 
Inputs and 2’s Complement Addition 


XY 

XY + Y 4-1 

XY + X4-1 

XY +X, +V4+1 


Since the correction to be added is at weight 20 = 1, the K in- 
puts can conveniently be used for this purpose. Note that two 
designs have been described. The first requires having both 
one’s complement numbers X41 and Y 1 available converted to 
2's complement numbers X and Y. The second requires only 
one’s complement numbers but requires an addition of —1 
(in one’s complement notation). Thus, a conditional adder can 
be used to produce Xo¥_ + YsX1 — XcVg, and the sum can be 
added to the multiplier at the K inputs. 


If m is not equal to n, then the product X1Y4, using the 
Am25S05 is $1 =X1¥ 4=XY +xystyx.+xeyg (1—2—-1—2m—1). 
Note that the same type of solution is possible as with m =n. 
Sq = X1V4 = XY + yoXq + XY, — XoVo. 

Thus, a conditional adder can be used and the solution is 
identical with the four conditions shown for XsYo When mM =n. 
The only difference is that the adder will use the m and n word 
lengths which must be extended sufficiently to cause repetition 
of the sign bit across the multipliers array. 


THE y_, BIT 


It has been stated repeatedly that the multiplier array per- 
forms the function S = XY + K. This result assumes that the 
y.4 system bit is held at zero. If y.1 is held at logic ‘1’, the 
array function becomes S = XY +K + X= X (Y+1) + K which 
may be expanded to include y.7 as S = XY + K + y.4X= 
Xx (Yt+.4) + K where y.4 is either logic 1 or 0. There are some 
applications of the multiplier array that can take advantage of 
this ability to add X to the product XY. 


Am25S05's 


s 


Am25S05’s 


Ss 


S=Ax2 + Bx +C 


Figure 21. Polynomial Evaluation 


APPLICATIONS 


The multiplier is ideal for hardware multiplication in general 
and special purpose computers, digital filter circuits, Fast 
Fourier Transform (FFT) processors, and special purpose 
digital machines. In the applications described in the following 
figures, the multiplier array is shown as a box which performs 
the function S = XY + K. Care must be exercised in scaling 
the numbers appropriately. Likewise, various other registers 
and adders are assumed to have a word length sufficient to 
handle the accuracy and magnification required. Figure 21 
shows two multiplier arrays connected to generate a quad- 
ratic in x. This can be extended to form polynomials with 
higher powers of x. 


A multiplier array connected to perform higher order poly- 
nomial evaluation in a time sequenced mode is shown in Fig- 
ure 22. Note that the output register is initialized to O and the 
constants sequentially applied to the K input. 


Figure 23 shows a single-pole, low-pass, recursive digital filter. 
The z-plane pole location is at z = C where C is a constant. 
The register is used as the unit time delay operator z—1, The 
K inputs can be used for the least significant bits of the data 


Am74S174's 
REGISTERS 


Pe} o-e] fel 


Am74S153's 
MULTIPLEXER 


Am25S05's 


S) 


REGISTER 


Am74S174’s 


OPERATION 


OUTPUT 


Ax +B 
Ax2+BxtC 
Ax3 + Bx2 + Cx +D 


Figure 22. Time Sequenced Polynomial Evaluation 
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input E;. In some designs, only the K input bits are required 
for the entire E; input word. The DC gain at z= +1 is 1/(1-C). 


A single pole, high-pass recursive digital filter is shown in 
Figure 24. The z-plane pole location is at z = C. Note the 
z-plane zero at z = 1 which results in a DC gain of Q, i.e., a 
high-pass filter. 


A two-pole, low-pass recursive digital filter of canonical form 
is shown in Figure 25. This block produces a complex con- 
jugate pair of poles in the z-plane when I|4D| >|C2|.The pole 


locations are Z4, Z9 “tj VIC2—4DI. This configuration can 
2 
be used as a two-pole building block in more complex Am25S05's 


Butterworth or Chebychef filters. The DC gain is 1/(1—C+D). 
This value is usually very close to the peak internal-build up 
which occurs at a frequency just below the filter break fre- 
quency. Also shown is the case in which the input word length 
has been extended to full length. 


Am54/74S174's 


REGISTER 


Figure 26 shows a general two-pole, two-zero recursive canonical 
structure. By appropriately selecting the A, B, C, and D con- 
stants in this configuration, the building block can be used as 
a high-pass, low-pass, or band-pass digital filter. The DC gain 
is (1+A+B)/(1—C+D). The pole locations are the same as for 
Figure 24. The zero pair will be complex if A is negative and 
4B] >|A2]. If A =—2 and B = 1, then the zeros are at (z—1)2 
and a two-pole, high-pass filter results. Figure 23. Single-Pole, Low Pass Recursive Digital Filter 


Am54S/74S175's 
Am25S05’s 


ADDER 
Am54S/748174's Am54S/74S283’'s 


REGISTER 


Figure 24. Single-pole, High-pass Recursive Digital Filter. 
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EG (OPTIONAL) 


Eo 


OUTPUT 
Am74S174's Am74S174's 


REGISTER 


ADDERS 
Am74S283’'s 


Am25S05’s 


Figure 25. Two-pole, Low-pass Recursive Digital Filter 


E 


A+B+MN _4 4 


+ 
M+ AB 7" M+AB 
1— (N+C+AD)z—1 + (NC + D)z—-2 


(M+ AB) [1— 


Figure 27. General Two-pole, Two-zero Recursive Digital Filter Building Block 


5-68 


: Eg (2) Bz2+ Az+1 


E; (2) ~  72—Cz+D 


MSB's 


A Am25S05’s 
Am74S174's Am74S174's 
Bo+s REGISTER REGISTER 
A 
S 
INPUT MSB’s 
+ A 


Am25S05’s 


INPUT 


Am25S05’s 


ADDERS 
Am74S283’s 
(4 Places) 


Am25S05/Am2505/Am25L05 


OUTPUT 


Figure 26. Canonical Two-pole, Two-zero Recursive Digital Filter. 
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A general two-pole building block is shown in Figure 27. There 
are several options for arranging the multipliers and adders 


depending on the application. The z-plane transfer function is Smizesoe: PEAT 
also shown in Figure 27. The multiplier constants locate the x 
poles and zeros of the filter. Also, the internal characteristics K S REGISTER 
of the filter can be adjusted using the constants. . 


In all of the digital filter examples shown, the single unit delay Jaa 
register, z~1, can be replaced with multi-word resisters. Thus, 
the arithmetic structure can be time shared by sequentially 
changing the multiplier constants. Also, such things as comb MULTIPLEXER Am74S151's 
filters or range-gated filters can be designed using long word 
length registers. Remember, however, that each pole imple- 
mented requires one memory word and no sharing is possible. 

A non-recursive digital filter is shown in Figure 28. These 
structures are useful as equalizers and for certain filter applica- 
tions. These structures have a finite transient response whereas 


the recursive filter transient response tends to be infinite. 
Am74S174's 


. P ; REGISTERS 
This same non-recursive structure can be implemented as shown 
in Figure 29, Here one multiplier and one register are used in a 


time-sequenced mode. Thus, with the non-recursive structure, 


both the multipliers and memory may be time shared. The Eo 
coefficients A, B, C, etc., are evaluated by determining the a 
transient response of the filter desired and implementing the E,E + EF 


“ Z E,.D + EE + £4F 
z-transform constants as the multiplier constants. As shown, iis ea 


each constant is stored in a separate register and then multi- 
plexed to the multiplier. This may be more convenient for 
adaptive filters. Otherwise, the constants can be stored in a 
shift register that is connected to the Y input of the multiplier. Figure 29. Time Sequenced Non Recursive Digital Filter 


EgA + EB + E4c + E3D + E9E + E4F 


REGISTERS = Am54S/74S174's 
MULTIPLIERS = Am25S05’s 
ADDER = Am54S/74S283's 


Eg 


Eg (2) 
E; (z) 


=A + Bz! + Cz-2 + Dz-3 + 2-4 4 F258 = zd + B24 4 723 + Dp? + EVE EF 


Figure 28. Non-recursive Digital Filter 
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Figure 30 shows how the square root of a number is formed 
using a multiplier array built with Am25S05 digital multipliers 
as the function generator. The successive approximation reg- 
isters provide the estimate that is then squared and compared 
with the number whose root is required. If the square of the 
trial value is less than the number whose root is desired, then a 
"1" is fed back to change the register bit under consideration. 
The time to achieve a square root is essentially n+1 multiply 
times. The network can easily be modified to perform op- 
erations of the type r = (x2 + 24 22) 1/2, The multiplier 
array can be used to generate the various squares, add the 
products and then compare the result against a trial value de- 
rived from the same multiplier array. The time required would 
then be n+4 multiplication times. 


Another application frequently used is the division operation. 
This can be performed by multiplying the trial value, n, by the 
divisor and comparing the result against the dividend. If the 
dividend is larger then the trial value has to be increased; if the 
dividend is smaller then the trial value has to be reduced. The 
operation is fairly straightforward for unsigned division; with 
signed division a few problems occur. 


Am2503 SAR 


cP 


Am25S05/Am2505/Am25L05 


For 2’s complement integer division the logic is shown in 
Figure 31. 


The divisor, dividend and trial quotient are all treated as 2's 
complement numbers. The first trial value is all ones (—1). 


The operations performed are: 
For Qe, the sign digit of the quotient: 


If D7 = Oand -5 <P Set Os = 0 Otherwise Qs = 1 


If D7 = 1 and -3 <P Set Os =1 Otherwise Qc = 0 


For the remaining quotient digits: 
D ; 
If D7 =OandT;_ 4D ured Set Q; = 1 Otherwise Q; =0 
D : 
If D7 =1 and T;_7D sa Set Q; = 0 Otherwise Q; = 1 


where Tj; is the i th trial value held in the SAR. 
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Figure 30. Square Root Evaluation by Recursion 
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Figure 31. 2’s Complement Rounded Division 


Since the complement of the most significant bit of the reg- 

ister is used rather than the true output so that resetting the 

register presents —1 to the multiplier array, the change in 

algorithm between the sign bit and the rest of the bits is 
, automatically taken care of. 


The D/2 factor in the equations is used to round off the 
quotient. A double length dividend is assumed. The com- 
parator is wired for a 2’s complement comparison with the 
sign digit of the product and dividend crossed over, the divi- 
dend sign bit forming part of the multiplier word and the 
product sign bit forming part of the dividend word. 
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Am25S05/Am2505/Am25L05 


APPENDIX A 


CONNECTION DIAGRAMS 


Within this Appendix, the symbol shown at left below is used to represent the Am25S05, Am2505, or 
Am25L05. The symbol at left should be interpreted as equivalent to the symbol at right. 


ACTIVE HIGH 
765 43°41 19 18 17 16 


X14 XQ X1X2 X32 xq kg ky k2 k3 
Am25S05 
4x2 
y 2's COMPLEMENT 
MULTIPLIER 


So S1 Sp $3 Sq S5 


Cn+4 


8 9 10 #11 «14 —~«15 


Table A-1 is a summary of the typical switching characteristics for each path through the multiplier. Table 
A-2 is a summary of speed and power for various size multiplier arrays using the parellelogram connection 
with carries interchanged (Reference Fig. A-1 and A-2). 


TABLE A-1 


TYPICAL SWITCHING CHARACTERISTICS 


a 
2 


PATH Am25S05 Am2505 Am25L05 UNIT 
tka Ne ca a ce he 
Cy to Cn+4 8.5 13.5 32.5 ns 
Cp to $93 11.0 16.5 36.0 ns 
Ch to S45 14.0 19.5 44.0 ns 
k to Cyh+4 8.25 13.5 31.0 ns 
k to SQ3 11.5 16.5 36.5 ns 
k to S45 14.0 21.5 51.5 ns 
X to Cn+4 : 17.5 21.0 63.5 ns 
X to $Q3 21.0 25.0 70.0 ns 
X to $45 22.5 29.5 85.0 ns 
Y to Cn+4 21.5 33.0 75.0 ns 
Y to SQo3 23.0 35.0 83.5 ns 
Y to S45 25.0 38.5 93.5 ns 


a 
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TABLE A-2 


TYPICAL SPEED & POWER 


FOR 
TWO’S COMPLEMENT MULTIPLICATION 


—— i igi‘n¢+‘n¢‘¢§+ nnn nn nr en 


ARRAY SIZE Am25S05 Am2505 Am25L05 
ass # SPEED POWER SPEED POWER SPEED POWER 
DEVICES ns WATTS ns WATTS ns WATTS 
i Se a ee ee 
4x4 2 39 1,2 60 0.9 145 0.3 
4x8 4 55 2.4 83 1.8 186 0.6 
4x12 8 64 4.8 96 3.6 219 1.2 
8x8 8 76 4.8 115 3.6 262 1.2 
8x12 12 94 7.2 143 5.4 320 1.8 
8x16 16 102 9.6 156 7.2 353 2.4 
12x12 18 115 10.8 175 8.1 396 2.7 
12x16 24 132 14.4 203 10.8 454 3.6 
12x20 30 141 18.0 216 13.5 487 4.5 
16x16 32 153 19.2 235 14.4 530 4.8 
16x20 40 171 24.0 263 18.0 588 6.0 
16x24 48 179 28.0 276 21.6 621 7.2 
20x20 50 192 30.0 295 22.5 664 7.5 
20x24 ~=«0 209 36.0 323 27.0 722 9.0 
20x28 70 218 42.0 336 31.5 755 10.5 
24x24 72 230 43.2 355 32.4 798 108 
24x28  —-B4 248 48.0 : 383 36.0 856 12.0 
24x32 «OG 256 52.8 396 39.6 889 «13.2 
28x28 98 269 54.0 415 40.5 932 13.5 
28x32 112 286 62.4 443 46.8 990 15.6 
32x32: 128 307 72.0 475 54.0 1066 18.0 
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(Continued next page) 


Figure A-6. 16 x 16 Multiplier Using Two Levels of Adders, (Reference Fig. 17). 
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Figure A-6. (Con’t) 16 x 16 Multiplier Using Two Levels of Adders, (Reference Fig. 17). 
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Figure A-7. 8 x 8 Multiplication Array for Sign-magnitude Numbers. 
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X=x— x,(29—-1) (2’s Complement Number) 
Yy=yY- y,(27—1 —1) (1's Complement Number) 
XY 4 = XY + y,X (2's Complement Product) 


Figure A-8. 2's Complement Multiplicand, 1’s Complement Multiplier and 2’s Complement Product. 
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FUNCTION TABLE FOR DECODE 


$181 Algorithm 
C, Function Function 
Add 0 
Add Y to XY 


Add X to XY 


Add X Plus Y 
to XY 


0 = Logic “0” = L = LOW 
“4'' =H = HIGH 
X= Don’t Care 


1 = Logic 


Figure A-9. 8x 8 Multiplier for Unsigned Numbers Using the Product XeYe = 4xy + 2xY¥o + 2¥Xo + XoYo- 
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Figure A-10. Multiplication of Two 8-bit 1’s Complement Numbers Resulting in a 16-bit 1’s Complement Product. 
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Notes: 1. Standard lead finish is bright acid tin plate or gold plate. 
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Notes: 1. Standard lead finish is tin plate or solder dip. 
2. Dimension Epo is an outside measurement. 
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Notes: 1. Load finish b is tin plate. Finish c is gold plate. 


2. Used only for LM108/LM108A. 
3. Dimensions E and D allow for off- 


center lid, meniscus and glass overrun. 
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ORDERING INFORMATION 


All Advanced Micro Devices’ products listed are stocked locally and distributed nationally by Franchised Distributors. See back of this 
book for the location nearest you. Please consult them for the latest price revisions. For direct factory orders, call Advanced Micro 
Devices, 901 Thompson Place, Sunnyvale, California 94086, (408) 732-2400, TWX: 910-339-9280, TELEX: 34-6306. 


Minimum Order 

The minimum direct factory order is $100.00 for a standard product. 

The minimum direct factory order for Class B, burned-in, product is $250.00. 
Proprietary Product Ordering, Package and Temperature Range Codes 

The following scheme is used to identify Advanced Micro Devices’ proprietary products. 


AM 25LS 138 PC-B 


SN — 


ig ee Additional 


Processing 
Family Device Package Temperature 
Identification Type Style Range 

Package Style Temperature Range Additional Processing 
D = Hermetic DIP C = Commercial B = Burn-in (Signifies full MIL-STD-883 
F = Flat Package 0°C to +70°C Class B product for military temperature 
P = Molded DIP M = Military range devices) 
X = Dice —55°C to + 125°C T = Additional high temperature testing 


Second Source Product Ordering, Package and Temperature Range Codes 


An order number and marking system identical to the original manufacturer's is used for the Advanced Micro Devices’ 
pin-for-pin and electrically equivalent circuit. 


The following example is the ordering scheme for Advanced Micro Devices’ second source to Texas Instruments’ products. 


Temperature Device Package Additional 
Range Type Style Processing 
Package Style Temperature Range Additional Processing 
J = Hermetic DIP 74 = Commercial B = Burn-in (Signifies full MIL-STD-883 
N = Molded DIP 0°C to +70°C Class B product for military temperature 
W = Flat Package 54 = Military range devices) 
X = Dice —55°C to + 125°C T = Additional high temperature testing 
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STANDARD PRODUCT PROCESSING AND OPTIONS 
1. AMD STANDARD PRODUCT — CLASS C PROCESSING 


All products manufactured by Advanced Micro Devices, including Bipolar Logic and Interface, Memory and Microprocessors, Linear and 
MOS/LSI meet the quality requirements of MIL-M-38510. In addition all products, both commercial and military temperature range 
receive the 100% screening procedures defined in the current revision of MIL-STD-883, Method 5004, Class C. This processing is 
described in Advanced Micro Devices’ Product Assurance Document 15-010. 


a) Internal visual inspection: Method 2010. Condition B. 

b) High temperature storage: Method 1008, Condition C; 150°C, 24 hours. 

c) Temperature cycling: Method 1010, Condition C; —65°C, 150°C , 10 cycles. 

d) Constant acceleration: Method 2001, Condition E; 30,000 g., Y; plane. (Hermetic packages only.) 

e) Fine leak: Method 1014, Condition A; 5 x 10~® atm cc per second. (Hermetic packages only.) 

f) Gross leak: Method 1014, Condition C,, Step 2. (Hermetic packages only.) 

g) Continuity test at 100°C to 0.01% AQL. (Molded packages only.) 

h) Final electrical test: 100% D.C. and functional testing at 25°C and Group A sample per Method 5005. 


To order this product, use the order number shown for the product desired. Example: AM2501 DM for full military temperature range part 
in dual-in-line package, AM2501DC for commercial temperature range in dual-in-line package. 


As noted, all material is processed to Class C and no additional price adders are imposed to deliver this level of reliability. 


2. CLASS B PROCESSING 
Military Temperature Range 


Standard product is upgraded to Class B with a 160-hour burn-in at 125°C followed by 100% electrical testing of D.C. parameters at 25°C, 
125°C, —55°C and A.C. parameters at 25°C. 


Burn-in conditions are steady state power (MIL-STD-883, Method 1015.1, Condition B) for linear circuits, and steady state power and 
reverse bias (Condition C) for all others. Standard burn-in circuit specifications for any device are available upon request. Condition D 
burn-in is available to special order. Consult your local AMD sales office for price and delivery. 


To order this product, use the order number shown for the product desired and add the suffix “B”. Example: AM2501DM-B for military 
temperature product in dual-in-line package with burn-in as described, SN54LS174W-B for military temperature range product in flat 
pack with burn-in. This processing meets all of the requirements of MIL-STD-883, Class B product. 


Commercial Temperature Range 


Standard AMD Class C commercial temperature range product is burned-in for use in non-military systems to a modified Class B 
program. A 160 hour burn-in, to a method meeting the requirements of Method 1015.1, Conditions A and B, is followed by the standard 
Class C electrical test procedures. 


To order this level of screening, use the order number shown for the commercial device and add the suffix “B”. Examples: 
AM25LS175DC-B and SN74LS153N-B. 

3. CLASS S PROCESSING (FORMERLY CLASS A) 

Class S processing is recommended only for applications where replacement is extremely difficult and reliability is imperative. This 
material is only produced to special order. Consult AMD for further details. 

4. DICE 


To assist hybrid manufacturers on prototype products, all AMD dice are available in quantities of 10 pieces or more. All dice are supplied 
in carriers, are glass scratch protected, and except for some LSI devices, are subjected to complete functional and parametric testing. 
Advanced Micro Devices’ dice:are 100% optically inspected to meet MIL-STD-883, Method 2010 Cond. B quality levels. Detailed 
information on additional extended dice testing and processing is available by contacting Advanced Micro Devices. 
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PRODUCT ASSURANCE 
MIL-M-38510 * MIL-STD-883 


AMD Document 15-010 Rev. D 


The product assurance program at Advanced Micro Devices defines manufacturing flow, establishes standards and controls, and 
confirms the product quality at critical points. Standardization under this program assures that all products meet military and 
government agency specifications for reliable ground applications. Further screening for users desiring flight hardware and other 
higher reliability classes is simplified because starting product meets all initial requirements for high-reliability parts. 


The quality standards and screening methods of this program are equally valuable for commercial parts where equipment must 
perform reliably with minimum field service. 


Two military documents provide the foundation for this program. They are: 


MIL-M-38510 — General Specification for Microcircuits 
MIL-STD-883 — Test Methods and Procedures for Microelectronics 


MIL-M-38510 describes design, processing and assembly workmanship guidelines for military and space-grade integrated 
circuits. All circuits manufactured by Advanced Micro Devices for full temperature range (—55°C to + 125°C) operation meet these 
quality requirements of MIL-M-38510. 


MIL-STD-883 defines detail testing and inspection methods for integrated circuits. Three of the methods are quality and processing 
standards directly related to product assurance: 


Test Method 2010 defines the visual inspection of integrated circuits before sealing. By confirming fabrication and assembly 
quality, inspection to this standard assures the user of reliable circuits in long-term field applications. Standard inspection at 
Advanced Micro Devices includes all the requirements of the latest revision of Method 2010, condition B. 


Test Method 5004 defines three reliability classes of parts. All must receive certain basic inspection, preconditioning and 
screening stresses. The classes are: 


Class C — Used where replacement can be readily accomplished. Screening steps are given in the AMD processing flow 
chart. 


Class B — Used where maintenance is difficult or expensive and where reliability is vital. Devices are upgraded from Class 
C to Class B by 160-hour burn-in at 125°C followed by more extensive electrical measurements. All other screening 
requirements are the same. 


Class A — Used where replacement is extremely difficult and reliability is imperative. Class A screening selects extra 
reliability parts by expanded visual and X-ray inspection, further burn-in, and tighter sampling inspection. 


All hermetically sealed integrated circuits (military and commercial) manufactured by Advanced Micro Devices are screened to 
MIL-STD-883, Class C. 


Optional extended processing to MIL-STD-883, Class B is available for all AMD integrated circuits. Parts procured to this screening 
are marked with a ‘’—B” following the standard part number, except that linear 100, 200 or 300 series are marked’/883B”. 


All molded integrated circuits receive Class C screening except that centrifuge and hermeticity steps are omitted for solid-package 
parts. 


Test Method 5005 defines qualification and quality conformance procedures. Subgroups, tests and quality levels for each class are 
given for Group A (electrical), Group B (mechanical quality measurements related to the user's assembly environment), Group C 
(die related tests) and Group D (package related tests). Group A tests are always performed; Group B, C and D may be specified by 
the user. Tables |, Il, Ill and IV give standard test groupings and quality levels for Class B screened devices. These quality levels are 
used as a minimum for all tests for either Class B or Class C parts. 
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MANUFACTURING, SCREENING AND INSPECTION 
FOR 
INTEGRATED CIRCUITS 


All integrated circuits are screened to MIL-STD-883, Method 5004, Class C; quality conformance inspection where 
required is performed to Class B quality levels on either Class B or Class C product. 


All full-temperature-range (—55°C to + 125°C) circuits are manufactured to the workmanship requirements of MIL-M- 
38510. 


The flow chart identifies processing steps as they relate to MIL-STD-883 and MIL-M-38510. 
STANDARD PROCESSING 


CLASS C 
Steps 1 Through 25 


HERMETIC PACKAGE 
PROCESS 


MOLDED PACKAGE 
PROCESS 


INSPECTION 


Purchased or fabricated starting materials are inspected for conformance 
to specified requirements. Inspection follows written procedures, and 
records are analyzed for supplier quality negotiations. 


WAFER FABRICATION 


Repeated masking, etching and diffusion processes produce finished dice 
in wafer form. 


IN-PROCESS INSPECTION 


Each wafer is inspected prior to irreversible process steps. 


FINISHED WAFER INSPECTION 


Sample wafers from each finished diffusion lot are inspected to confirm 
lot quality before release for test and assembly. 


WAFER ELECTRICAL TEST 


Electrical probe test of every die. A computer-controlled system measures 
static and dynamic parameters and identifies dice that do not meet 
electrical requirements. 


DIE SEPARATION 


Wafers are separated into individual dice and electrical rejects are removed. 


VISUAL INSPECTION 


Separated dice are inspected and selected at high magnification. 


QUALITY INSPECTION 


Decisions at the 100% inspection are reviewed through periodic random 
sampling, confirming product quality and revealing any need for operator 
retraining. 


DIE ATTACH 
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10 


11 


12 


13 


14 


15a 


15b 


16 


17 


18 


19 


20 


QUALITY INSPECTION 


Strength of die attachment, position of die and visual quality of eutectic 
wetting are confirmed periodically by inspecting random samples and 
push-testing the attached dice. 


WIRE BOND 


Hermetic: Aluminum wires, ultrasonic bonding. 
Molded: Gold wires, thermocompression bonding. 


QUALITY INSPECTION 


Weld strength, bond size and position, wire dress and general workmanship 
are confirmed periodically by comparing random samples with assembly 
instructions and quality standards. Bond strength ts plotted on statistical 
control charts, providing early warning of process drifts. 


INTERNAL VISUAL INSPECTION 


Assembled but unsealed units are individually inspected at low and high 
power. 


QUALITY STANDARDS: 


All devices — MIL-STD-883, Method 2010, Condition B (latest revision). 
Full temperature devices — MIL-M-38510, Para. 3.7 for workmanship (re- 
bonding limits). 


QUALITY INSPECTION 


Decisions at the 100% inspection are reviewed through periodic random 
sampling, providing confirmation of product quality and revealing any 
need for operator retraining. 


FINAL SEAL 


(Hermetic devices) 


ENCAPSULATE 
(Molded Devices) 


HIGH TEMPERATURE STORAGE 
MIL-STD-883, Method 1008, Cond. C: 150°C, 24 hr 


TEMPERATURE CYCLE 
MIL-STD-883, Method 1010, Cond. C: —65°C, +150°C, 10 cycles 


CENTRIFUGE 
MIL-STD-883, Method 2001, Cond. E: 30,000 G 


SEAL (HERMETICITY) TEST 


MIL-STD-883, Method 1014, Cond. A or B: Fine Leak 
MIL-STD-883, Method 1014, Cond. C2: Gross Leak 


ELECTRICAL TEST 


MIL-STD-883, Method 5004, Para. 3.1.12: Static, dynamic, functional 
tests at 25°C or in certain products at the most critical extreme tempera- 
ture to assure accuracy of device selection. 
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21 QUALITY GROUP A ELECTRICAL TEST (TABLE !) 


MIL-STD-883, Method 5005. See the table below. Quality levels 
as defined for Class B are applied to both Class B and Class C 
parts. Proven correlations supported by periodic reconfirma- 
tion may be used for some parameters. 


22 MARK, INSPECT, PACK FOR SHIPMENT 


23 QUALITY INSPECTION, PRE-SHIPMENT 


Confirmation of marking, physical quality, and product identity. 


24 QUALITY INSPECTION FOR SHIPMENT RELEASE 


Confirmation of product type, count, package. 
Confirmation of completion of all process requirements. 
Confirmation of required documentation. 


25 SHIP TO CUSTOMER 


This AMD standard product meets screening requirements of 
MIL-STD-883, Class C. 


GROUP A ELECTRICAL TESTS 
From MIL-STD-883, Method 5005, Table | 


LTPD Initial 
Subgroups (Note 1) Sample Size 


Subgroup 1 — Static tests at 25°C 45 
Subgroup 2 — Static tests at maximum rated operating temperature 32 
Subgroup 3 — Static tests at minimum rated operating temperature 32 
Subgroup 4 — Dynamic tests at 25°C — Linear devices 45 
Subgroup 5 — Dynamic tests at maximum rated operating temperature — Linear devices 32 
Subgroup 6 — Dynamic tests at minimum rated operating temperature — Linear devices 32 
Subgroup 7 — Functional tests at 25°C 45 
Subgroup 8 — Functional tests at maximum and minimum rated operating temperatures 22 
Subgroup 9 — Switching tests at 25°C — Digital devices 32 
Subgroup 10 — Switching tests at maximum rated operating temperature — Digital devices (Note 2) 10 
Subgroup 11 — Switching tests at minimum rated operating temperature — Digital devices (Note 2) 10 


1. Sampling plans are based on LTPD tables of MIL-M-38510. The smaller initial sample size, based on zero rejects allowed, has been chosen 
unless otherwise indicated. If necessary, the sample size will be increased once to the quantity corresponding to an acceptance number 
of 2. The minimum reject number in all cases is 3. 

2. These subgroups are usually performed during initial device characterization only. 
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OPTIONAL EXTENDED PROCESSING 
CLASS B 
Steps 101 Through 110 


Advanced Micro Devices offers several extended processing options to meet customer 
high-reliability requirements. These are defined in AMD document 00-003. The flow chart 
below outlines Option B, a 160-hr. burn in. Military temperature range devices processed to 
this flow (in the left column) meet the screening requirements of MIL-STD-883, Class B. 


COMMERCIAL RANGE 


HERMETIC OR 
MOLDED PACKAGES 


MILITARY RANGE 
HERMETIC PACKAGES 


BEGINNING MATERIAL 


Standard product taken after completion of step 20 (electrical test) 


BURN IN 


MIL-STD-883, Method 1015: 160 hr, 125°C, or time-temperature equiva- 
lents as allowed by Method 1015. 


FINAL ELECTRICAL TEST 
MIL-STD-883, Method 5004. 


Military: Testing subgroups as defined for Class B. Static and functional 
at 3 temperatures, dynamic or switching at room temperature. 


Commercial: Repeat step 20. 


QUALITY GROUP A ELECTRICAL SAMPLE (TABLE 1) 


MIL-STD-883, Method 5005 and Table !. Quality levels as defined for 
Class B. 


QUALITY CONFORMANCE TESTS, GROUPS B, C, AND D 


MIL-STD-883, Method 5005. Sample life and environmental tests if re- 
quired by purchase order. Further information on specifying this is given 
in AMD document 00-003. 


DATA PREPARATION AND REVIEW 


MARK, INSPECT, PACK FOR SHIPMENT 


Standard AMD parts with this burn-in option are marked with “’—B” after 
the part number, except that linear 100, 200 or 300 series are marked 
“1883B"". 


QUALITY INSPECTION, PRE-SHIPMENT 


Confirmation of marking, physical quality, and product identity. 


QUALITY INSPECTION FOR SHIPMENT RELEASE 


Final review of shipment against order. 


SHIP TO CUSTOMER 


Military temperature range parts meet screening requirements of MIL- 
STD-883, Class B. 
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OTHER OPTIONS 


Document 00-003, “Extended Processing Options”, further defines Option B as well as other 
screening or sampling options available or special order. Available options are listed here for 


reference. 


Option 


Description 


Modified Class A screen 
(The AMD-A program) 


160-hr operating burn in 


Radiographic inspection (X-ray) 


Scanning Electron Microscope 
(SEM) metal inspection 


Preseal visual inspection to 
MIL-STD-883, Method 2010, 
Cond. A 


Particle impact noise (PIN) 


screen with ultrasonic detection. 


Quality conformance inspection 
(Group B, C and D life and 
environmental tests) 


Document 15-010 Rev. D, July 1, 1977 (editorial changes to clarify options) 


Effect 


Provides space-grade product, fol- 
lowing most Class A requirements 
of MIL-STD-883, Method 5004. 


Upgrades a part from Class C 
to Class B. 


Related to Option A. Provides 
limited internal inspection of 
sealed parts. 


Sample inspection of metal 
coverage of die. 


More stringent visual inspection 
of assemblies and die surfaces 
prior to seal. 


Detects loose particles of 
approximately 0.5 mil size or larger, 
which could affect reliability in 
zero-G or high vibration applications. 


Samples from the lot are stressed 
and tested per Method 5005. 

The customer's order must state 
which groups are required. 

Group B destroys 16 devices; 
Group C, 92 devices; Group D, 
60 devices. 


SALES OFFICES AND REPRESENTATIVES 


SOUTHWEST AREA 
Advanced Micro Devices 
9595 Wilshire Boulevard 
Suite 401 
Beverly Hillis, California 90212 
Tel: (213) 278-9700 

(213) 278-9701 
TWX: 910-490-2143 


Advanced Micro Devices 
1414 West Broadway Road 
Suite 239 

Tempe, Arizona 85282 

Tel: (602) 244-9511 
TELEX: 668-325 

TWX: 910-951-4216 


Advanced Micro Devices 
1201 Dove Street 

Suite 250 

Newport Beach, CA 92660 
Tel: (714) 752-6262 


Advanced Micro Devices 
13777 No. Central Expy. 
Suite 1008 

Dallas, Texas 75243 

Tel: (214) 234-5886 
TWX: 910-867-4795 


NORTHWEST AREA 
Advanced Micro Devices 
10050 No. Wolfe Road 
Bldg. SW2 

Suite 230 

Cupertino, CA 95014 

Tel: (408) 446-2700 
TELEX: 34-6306 

TWX: 910-339-9280 


Advanced Micro Devices 
7100 Broadway 

Bidg. 6, Penthouse 

Suite Q 

Denver, CO 80221 

Tel: (303) 427-3307 
TWX: 910-931-2562 


Advanced Micro Devices 
6443 S.W. Beaverton Highway 
Suite 410 

Portland, OR 97221 

Tel: (503) 292-2666 

TWX: 910-464-4792 


MID-AMERICA AREA 
Advanced Micro Devices 
1111 Plaza Drive, Suite 420 
Schaumburg, IL 60195 

Tel: (312) 882-8660 

TWX: 910-291-3589 


Advanced Micro Devices 
8009 34th Ave. S. 
Bioomington, Minnesota 55420 
Tel: (612) 854-6500 

(612) 854-6520 


Advanced Micro Devices 
Commerce Center 

1631 N.W. Professional Plaza 
Suite 204 

Columbus, OH 43220 

Tel: (614) 457-7766 


Advanced Micro Devices 
33150 Schooicraft 
Livonia, Michigan 48150 
Tel: (313) 425-3440 

TWX: 810-242-8777 


MIDATLANTIC AREA 
Advanced Micro Devices 
99 Powerhouse Road 
Suite 303 
Roslyn Heights, N.Y. 11577 
Tel: (516) 484-4990 

(516) 484-4991 
TWX: 510-223-0649 


Advanced Micro Devices 
6806 Newbrook Ave. 

E. Syracuse, N.Y. 13057 
Tel: (315) 437-7546 
TELEX: 93-7201 


Advanced Micro Devices 
2 Kilmer Road 

Edison, New Jersey 08817 
Tel: (201) 985-6800 


NORTHEAST AREA 
Advanced Micro Devices 
300 New Boston Park 
Woburn, Massachusetts 10801 
Tel: (617) 933-1234 


SOUTHEAST AREA 
Advanced Micro Devices 
6100 Baltimore National Pike 
Baltimore, MD 21228 

Tel: (301) 744-8233 


Advanced Micro Devices 
1001 N.W. 62nd Street 
Suite 300L 

Ft. Lauderdale, FL 33309 
Tel: (305) 771-6510 

TWX: 510-955-9490 
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International Sales Representatives and Distributors 


Advanced Micro Devices 


International Sales Offices 


BELGIUM 

Advanced Micro Devices 
412, Avenue de Tervuren 
B.P.g 

1150 Brussels, Belgium 
Tel: (02) 771 9993 
TELEX: 61028 


FRANCE 

Advanced Micro Devices, S.A. 
Silic 314-Immeuble Essen 

20 Rue Saarinen 

94588 Rungis Cedex, France 
Tel: (1) 686-91-86 

TELEX: 202053 


GERMANY 

Advanced Micro Devices 

Mikro Elektronik GmbH 
Herzog-Heinrich-Strasse 3 
D-8000 Miinchen 2 

West German 

Tel: Sammel-Nr.: (G 89) 539588 
TELEX: 0-523883 


Advanced Micro Devices 
Mikro Elektronik GmbH 
Buro Norddeutschland 
Eulenkrugstrasse 81E 
0-2000 Hamburg 67 
West Germany 

Tel: 040-6030595 
TELEX: 0-2174388 


Advanced Micro Devices 
Mikro Elektronik GmbH 
Biro Sudwestdeutschid. 
Robert-Leicht-Strasse 120 
0-7000 Stuttgart-Vaihingen 
West Germany 

Tel: 0711-681001 

TELEX: 7-255680 


JAPAN 

Advanced Micro Devices, K.K. 
Daini-Sayama Bidg., 9th Floor 
1-4, 3 Chome Nishi-Shinjuku 
Shinjuku-ku, Tokyo 160 Japan 
Tel: (03) 346-0363 

TELEX: 2324064 


UNITED KINGDOM 
Advanced Micro Devices, U.K. Ltd. 
16 Grosvenor Place 
London, S.W. 1, England 
Tet: (01) 235-6380 
(01) 235-6388 
(01) 235-6389 
TELEX: 88-68-33 


AUSTRALIA 

A.J. Ferguson Pty. Ltd. 

44 Prospect Rd. 

Prospect, S. Australia 5082 
Tel: (8) 269-1244 

TELEX: 82635 


R and D Electronics 
Post Office Box 206 
Burwood 3125 
Australia 

Tel: (03) 2888232 
TLX: AA33288 


R and D Electronics 
P.O. Box 57 

Crows Nest NSW 2065 
Sydney, Australia 

Tel: 4395488 

TLX: (790) 25468 


AUSTRIA 
Elbatex GmbH 
Breitenfurtherstr. 381 
A-1235 Wien/Austria 
Tel: 869158 

89168 

863448 
TLX: 13128 


BELGIUM 

MCA Tronix 

62 Route Du Condroz 
4200 Dugree Belgium 
Tel: 041-362780 
TELEX: 42052 


DENMARK 

Advanced Electronic of Denmark 
Godthabsvej 7 
DK-2000-Copenhagen 

Denmark 

Tel: (45) (1) 19 44 33 

TLX: 055 + 224 31 + Advel DK 


FINLAND 

Komdel Oy 

Itaportti IC 

02210 Espoo 21 

Tel: (0) 8038976 or 882875 
TELEX: 121926 


FRANCE 

A2M 

40, Rue des Titleuls 
92100 Boulogne, France 
Tel: 603 66 40 

TELEX: AMM 200 491 


Radio Television Francaise 
73, Av. Ch. De Gaulle 
92202 Neuilly-sur-Seine 
Tel: 747-11-01 

TELEX: 611985 


Rope! S.A. 

Department Cesime 

Allee de la Rochelle 
Centre Commercial NBR 3 
91300 Massy Est 

France 

Tel: (1) 920 82 89 

TLX: 220429 


GERMANY 

Cosmos Electronic GmbH 
Hegelstrasse 16 

0-8000 Munich 83 

West Germany 

Tel: (089) 602088 
TELEX: 0-522545 


Cosmos Electronic GmbH 
Buro Bayern Nord 

8340 Neumarkt 

Kanalweg 33, West Germany 
Tel: 09181-9731 


EVB-Elektronik 
Gabriel Max Str. 72 
D-8000 Muenchen 90 
Tel: 089-644055 
TELEX: 0-5245 


EBV-Elektronik 
Oststr. 129 

D-4000 Duesseidorf 
Tel: 0211-84846 
TELEX: 0-8587267 


EBV-Elektronik 

in Der Meineworth 9A 
D-3006 Burgwedel 1 
Tel: 05139-4570 


EBV-Elektronik 
Myliusstr, 54 
D-6000 Frankfurt 1 
Tel: 0611-720416 
TELEX: 0-413590 


EBV-Elektronik 
Alexanderstr. 63 
D-7000 Stuttgart 1 
Tel: 0711-24781 


Elbatex GmbH 
Cacilienstrasse 24 
D-7100 Heilbronn 
West Germany 
Tel: 0713-89001 
TELEX: 728-362 


Nordelektronik Vertriebs GmbH 
Langensaal 8 

D-2300 Kiel 14 

West German 

Tel: (0431) 21556 


Nordelektronik Vertriebs GmbH 
2085 Quickborn 
Harksheiderweg 238-240 
D-2085 Quickborn 

West Germany 

Tel: (04106) 4031 

TELEX: 0-214299 


HOLLAND 

Arcobel BV 

Van Almonaestraat 6 
B.O. Box 344 

OSS 


Holland 

Tel: 04120-24200 
04120-27574 

TELEX: 50835 


HONG KONG 

Ace Enterprise 

Suite 1212 

363 Nathan Road 

Kowloon, Hong Kong 

Tel: 3-302925 
3-302927 


INDIA 

Zenith Electronics 

541 Panchratna 

Mama Parmanand Marg 
Bombay 400004 

India 

Tel: 384214 

TELEX: 0113152 


FEGU 

260 Sheridan Ave. 
Palo Alto, CA 94306 
Tel: (415) 493-1788 
TELEX: 345-599 


Sujata Sales and Exports Ltd. 
11-2 Bajaj Bhavan 

Nariman Point 

Bombay 21, India 

Tel: 3254275 

TLX: 011-3855 


American Components 

1601 Civic Center Drive 
Santa Clara, CA 95050 
CABLE: ELCOMP 

TLX: 352073 


Ashwin Enterprises 
28, Illrd Cross 
Shankarapuram 
Bangalore -- 56004 
India 

Tel: 62120 


Ashwin Enterprises 
86 Dix Highway 

Dix Hills 

New York, NY 11746 
Tel: (516) 667-4819 


IRELAND 

ITT Electronic Services 
142 Phibsborough Rd. 
Phibsborough 

Dublin 

treland 


ISRAEL 

Talvitan Electronics 
P.O. Box 21104 

9, Biltmor Street 
Tel-Aviv, Israel 

Tel: 444572 

TELEX: VITKO 33400 


ITALY 


Indeico S.r.1. 

Via C. Colombo 
00147 Rome, Italy 
Tel: 513 3041 
TELEX: 58233 


JAPAN 

Advanced Technology Corporation 
of Japan 

Tashi Bidg., 3rd Floor 

No. 8, Minami Motomachi 

Shinjuku-ku, Tokyo 160 Japan 

Tel: (03) 265-9416 

TELEX. (781) 22180 


Dainichi Electronics 
Kohraku Building 

1-8, 1-Chome, Koraku 
Bunkyo-ku, Tokyo, Japan 
Tel: (03) 813-6876 


ISI Ltd. 

8-3, 4-Chome, tidabashi 
Chiyoda-ku, Tokyo 102 Japan 
Tel: (03) 264-3301 


Kanematsu-Denshi K.K. 

Takanawa Bldg., 2nd Floor 
19-26, 3-Chome, Takanawa 
Minatoku, Tokyo 108 Japan 


Microtek, Inc. 

Ito Building 

7-9-17 

Nishishinjuku 

Shinjuku-Ku, Tokyo 160 Japan 
Tel: 03-363-2317 

TWX: J28497 


Dainichi Electronics 
Kintetsu-Takama Building 
38-3 Takama-Cho 
Narashi-Japan 630 


KOREA 

Saturn Trading Limited 
5 Palo Alto Square 
3000 E! Camino Real 
Suite 1002 

Palo Alto, CA 94304 
Tel: (415) 493-0813 
Telex: 334467 


Caduceus Limited 

Room 508 

Sindo Building 

65-4, 2-Ka, Chung Mu Ro 
Chung-ku, Seoul - Korea 
Tel: 777-2325 

TLX: K26453 NAMSTRA 


NORWAY 

A/S Kjell Bakke 

Nygata 48 

p's. Box 143 

2011 Stroemmen 

Norway 

Tel: (02) 715350 
715351 

TLX: 19407 


SOUTH AFRICA 


South Continental Devices (Pty.) Ltd. 


Suite 516, 5th Floor 

Randover House 

Cor. Hendrik Verwoerd 

Dover Rd., Ranburg, Tvi. 

P.O. Box 56420, Pinegowrie, 2123 
South Africa 

Tel: 48-0515 

TELEX: 83324 


SOUTH AMERICA 
intectra 
2349 Charleston Road 
Mountain View, California 94043 
Tel’ 967-8818 

967-8825 
CABLE: INTECTRA 


SPAIN 

Electronic Services S.A. 
Adv. de Ramon y Cajal, 5 
Madrid 8 Spain 

Tel: 457-6615 

TELEX: 42207 


Regula S.A. 
Av. Ramon y Cajal 5 
Madrid-16 Spain 
Tel: 459 33 00 

459 33 04 

459 33 08 
TELEX: 42 207 


Sertein 

Julio Urquijo 12 

Bilbao-14 Spain 

Tel: 435 72 00 
435 72 09 


Regula S.A. 
Avda. Baro 19 
Barcelona, Spain 
Tel: 386 19 58 


SWEDEN 

Svensk Teleindustry 

Box 502 

162 05 Vallingby, Sweden 
Tel: vx 08-890435 

TWX: 13033 


SWITZERLAND 
Kurt Hirt AG 
Thurgauerstr. 74 
CH-8048 Zuerich 
Tel: 00411-512121 
TELEX: 0045-53461 


TAIWAN 

Multitech International Corp. 
2nd Floor 

977 Min Shen E. Road 
Taipei, 105 Taiwan, R.O.C. 
Tel: 768-1232 

CABLE: MULTIIC 


UNITED KINGDOM 

Dage International Ltd. 

Eurosem Division 

Haywood House 

High Street 

Pinner, Middlesex, HA55QA England 
Tel: 01-868-0024 

TELEX: 24506 


Phoenix Electronics 

3, High St. 

Carluke Lanarkshire 
Scotland 

Tel: Carluke 0555 71495 
TELEX: 77-9016 


Cramer Components Ltd. 
Hawke House 

Green Street 

Sunbury on Thames 
Middlesex-England 

Tel. Sunbury (76) 85577 
TLX: 923592 


ITT Electronic Services 
Edinburgh Way 
Harlow, Essex 

CM20 2DE 

England 

Tel: Harlow 26811 


Quarndon Electronics 
(Semiconductors) Ltd. 

Slack Lane 

Derby DE33ED England 

Tel: Derby 32651 

TELEX: 37163 
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U.S. and Canadian Sales Representatives 


ALABAMA 

Electronic Manufacturers Agents 
2311 Starmount Circle, S.W. 
Huntsville, Alabama 35801 

Tel: (205) 533-6440 

TWX: 810-726-2110 


CALIFORNIA 

(Northern) 

I? Incorporated 

455 Aldo Avenue 

Santa Clara, California 95050 
Tel: (408) 985-0400 

TWX: 910-338-0192 


Shipping: 
3641 Edward Avenue 
Santa Clara, California 95050 


(Southern) 

Bestronics Inc. 

7827 Convoy Court 

Suite 407 

San Diego, California 92111 
Tel: (714) 278-2150 

TWX: 910-335-1267 


CANADA (Eastern) 
Vitel Electronics 
3860 Cote Vertu 
Suite 210 

St. Laurent, Quebec 
Canada H4R 1V4 
Tel: (514) 331-7393 
TELEX: 05-821762 
TWX: 610-422-3908 


Vitel Electronics 

701 Evans Avenue 

Suite 205 

Toronto, Ontario, Canada M9C 1A3 
Tel: (416) 622-6300 

TELEX: 06-967-881 


Shipping: 

Vitel Electronics 

84 Main Street 

Champlain, New York 12919 


CANADA (Western) 
Venture Electronics 

P.O. Box 3034 

Bellevue, Washington 98009 
Tel: (206) 454-4594 

TLX: 32-8951 

Shipping: 

1645 Rambling Lane 
Bellevue, Washington 98004 


COLORADO 

R? Marketing 

P.O. Box 554 

Parker, Colorado 80134 
Tel: (303) 841-5822 


CONNECTICUT 

Scientific Components 

350 South Main Street 
Cheshire, Connecticut 06410 
Tel: (203) 272-2160 


FLORIDA 

Conley & Associates, Inc. 
P.O. Box 309 

235 South Central Ave. 
Oviedo, Florida 32765 
Tel: (305) 365-3283 
TWX: 810-856-3520 


Conley & Associates, Inc. 
1612 N.W. Second Ave. 
P.O. Box 700 

Boca Raton, Florida 33432 
Tel: (305) 395-6108 

TWX: 510-953-7548 


Conley & Associates, Inc. 
7515 North Armenia Avenue 
Tampa, Florida 33604 

Tel: (813) 933-1759 


GEORGIA 

Electronic Manufacturers Agents 
2800 Forest Vale Lane 

Suite VI 

Norcross, Georgia 30093 

Tel: (404) 448-2921 


ILLINOIS 

Oasis Sales, inc. 

2250K Landmeier Road 

Elk Grove Village, Illinois 60007 
Tel: (312) 640-1850 

TWX: 910-222-2170 


INDIANA 

C-S Electronic Sales, Inc. 
2122-A Miami Street 

South Bend, Indiana 46613 
Tel: (219) 291-6258 

TWX: 810-299-2535 


C-S Electronic Sales, Inc. 
1157-B South Jackson 
Frankfort, Indiana 46041 
Tel: (317) 659-1874 


1OWA 

Lorenz Sales, Inc. 

Suite 302 Executive Plaza 
4403 First Avenue, S.E. 
Cedar Rapids, lowa 52402 
Tel: (319) 393-6912 


KANSAS 

Kebco Manufacturers 

9813 England 

Overland Park, Kansas 66211 
Tel: (913) 649-1051 


Shipping: 
15928 Overbrook 
Stanley, Kansas 66223 


MARYLAND 

Burgin-Kreh Associates, Inc. 
6100 Baltimore National Pike 
Baltimore, Maryland 21228 
Tel: (301) 788-5200 

TWX: 710-862-1450 


MICHIGAN 

S.A.1. Marketing Corp. 
P.O. Box N 

Brighton, Michigan 48116 
Tel: (313) 227-1786 
TWX: 810-242-1518 


Shipping: 

First Federal Bank Building 
Suite 109 

9880 E. Grand River Avenue 
Brighton, Michigan 48116 


S.A.I. Marketing Corp. 

2420 Burton Drive, S.E. 

Grand Rapids, Michigan 49506 
Tel: (616) 942-2504 


MISSOURI 

Kebco Manufacturers 

75 Worthington Drive 
Mariland Heights, MO 63043 
Tel: (314) 576-4111 


NEW MEXICO 

The Thorson Company 

2201 San Pedro, N.E. 

Suite 107, Building 2 
Albuquerque, New Mexico 87110 
Tel: (505) 265-5655 

TWX: 910-989-1174 


NEW YORK 

Ossmann Component Sales Corp. 
280 Metro Park 

Rochester, New York 14623 

Tel: (716) 424-4460 

TWX: 510-253-7685 


Ossmann Component Sales Corp. 
154 Pickard Building 

Syracuse, New York 13211 

Tel: (315) 455-6611 

TWX: 710-541-1522 


Ossmann Component Sales Corp. 
5150 Genesee Street 
Bowmansville, N.Y. 14026 

Tel: (716) 681-9700 

TWX: 710-263-1389 


Ossmann Component Sales Corp. 
1911 Vestal Parkway East 
Vestal, New York 13850 

Tel: (607) 785-9949 

TWX: 510-252-1987 
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Ossmann Component Sales Corp. 
82 Fair Street 

Kingston, New York 12401 

Tel: (914) 338-5505 

TWX: 510-247-1941 


NORTH CAROLINA 
Burgin-Kreh Associates, Inc. 
P.O. Box 19510 

Raleigh, North Carolina 27609 
Tel: (919) 781-1100 

Shipping: 

3901 Barrett Drive 

Raleigh, North Carolina 27609 


OHIO 

Dolfuss-Root & Co. 
19035 Detroit Road 
Rocky River, Ohio 44116 
Tel: (216) 333-7504 
TWX: 810-421-8201 


Dolfuss-Root & Co. 
354 Silvertree Lane 
Centerville, Ohio 45459 
Tel: (513) 433-6776 


PENNSYLVANIA 

(Western) 

Bacon Electronic Sales 

115 South High Street 
Waterford, Pennsylvania 16441 
Tel: (814) 796-2381 


(Eastern) 

GCM Associates 

275 Commerce Drive 

Ft. Washington, Pennsylvania 19034 
Tel: (215) 646-7535 

TWX: 510-661-0607 


TENNESSEE 

Burgin-Kreh Associates, Inc. 
P.O. Box 268 

12 Skyline Dr. 

Kingston Heights, 

Kingston, TN 37763 

Tel: (615) 690-6100 


Electronic Manufacturers Agents 
11701 Fox Ford Drive 

Knoxville, Tennessee 37922 
Tel: (615) 966-1286 


TEXAS 

Bonser-Philhower Sales 
13777 N. Central Expressway 
Suite 212 

Dallas, Texas 75243 

Tel: (214) 234-8438 


Bonser-Philhower Sales 
10405 Town & Country Way 
Suite 100 

Houston, Texas 77024 

Tel: (713) 467-4373 


UTAH 

R°M 

3688 W. 2100 So. 

Salt Lake City, Utah 84120 
Tel: (801) 972-5646 

TWX: 910-925-5607 


VIRGINIA 

Burgin-Kreh Associates, Inc. 
P.O. Box 2557 

Memorial Professional Bidg. 
2511 Memorial Ave. 
Lynchburg, Virginia 24501 
Tel: (804) 845-5600 


WASHINGTON 

Venture Electronics 

P.O. Box 3034 

Bellevue, WA 98009 

Tel: (206) 454-4594 
TELEX: 32-8951 

Shipping: 

1645 Rambling Lane 
Bellevue, Washington 98004 


U.S. AND CANADIAN STOCKING DISTRIBUTORS 


ALABAMA 
Hamilton/Avnet Electronics 
805 Oster Dr. N.W. 
Huntsville, Alabama 35805 
Tel: (205) 533-1170 


Hall-Mark Electronics 
4739 Commercial Drive 
Huntsville, Alabama 35805 
Tel: (205) 837-8700 


ARIZONA 

Liberty Electronics 

8155 North 24th Avenue 
Phoenix, Arizona 85021 
Tel: (602) 249-2232 


Hamilton/Avnet Electronics 
2615 S. 21st Street 
Phoenix, Arizona 85034 
Tel: (602) 275-7851 

TWX: 910-951-1535 


CALIFORNIA 

Avnet Electronics 

350 McCormick Avenue 
Irvine Industrial Complex 
Costa Mesa, California 92626 
Tel. (714) 754-6084 

TWX: 910-595-1928 


Bell Industries 

1161 .N. Fairoaks Avenue 
Sunnyvale, California 94086 
Tel: (408) 734-8570 

TWX: 910-339-9378 


Elmar Electronics 

2288 Charleston Road 
Mountain View, California 94042 
Tel. (415) 961-3611 

TWX: 910-379-6437 


Hamilton Electro Sales 
10912 W. Washington Blvd. 
Culver City, California 90230 
Tel: (213) 558-2100 

(714) 522-8220 
TWX: 910-340-6364 

910-340-7073 

TELEX: 67-36-92 


Hamilton/Avnet Electronics 

575 East Middlefield Road 
Mountain View, California 94040 
Tel: (415) 961-7000 

TWX. 910-379-6486 


Hamiton/Avnet Electronics 
8917 Complex Drive 

San Diego, California 92123 
Tel (714) 279-2421 

TELEX: 69-54-15 


Liberty Electronics 

8248 Mercury Court 

San Diego, California 92111 
Tel (714) 565-9171 

TWX 910-335-1590 


Schweber Electronics 

17811 Gillette 

Irvine, California 92714 

Tel (714) 556-3880 
(213) 924-5594 

TWX: 910-595-1720 


Liberty Electronics 

124 Maryland Avenue 

El Segundo, CA 90545 

Tel (213) 322-8100 

TWX: 910-348-7140 
910-348-7111 


CANADA 

Hamilton; Avnet Electronics 

2670 Paulus 

St. Laurent, Quebec, Canada H4S1G2 
Tel (514) 331-6443 

TWX: 610-421-3731 


Hamilton Avnet Electronics 

6291-16 Dorman Road 

Mississauga, Ontario, Canada L4V1H2 
Tel (416) 677-7432 

TWX: 610-492-8867 


Hamilton; Avnet Electronics 

1735 Courtwood Crescent 
Ottawa, Ontario, Canada K2C3J2 
Tel. (613) 226-1700 

TWX: 610-562-1906 


RAE Electronics 

1629 Main Street 

Vancouver, British Columbia. 
Canada V6A2W5 

Tel (604) 687-2621 

TELEX: 0454550 


Future Electronics 

5647 Ferrier Street 

Montreal, Quebec. Canada H4P2K5 
Tel (514) 735-5775 

Shipping 

12 Mercer Rd. 

Natick, Massachusetts 01760 


Future Electronics 

44 Fasken Drive 

Unit 24 

Rexdale, Ontario, Canada 
Tel (416) 677-7820 


Future Electronics 

130 Albert Street 

Ottawa, Ontario, Canada K1P564 
Tel: (613) 232-7757 


COLORADO 

Etmar Electronics 

6777 E. 50th Avenue 
Commerce City, Colorado 80022 
Tel: (303) 287-9611 

TWX: 910-936-0770 


Hamilton/Avnet Electronics 
5921 N. Broadway 
Denver, Colorado 80216 
Tel: (303) 534-1212 

TWX: 910-931-0510 


Century Electronics 

8155 W. 48th Avenue 
Weatridge, Colorado 80033 
Tel: (303) 424-1985 

TWX: 910-938-0393 


CONNECTICUT 
Hamilton/Avnet Electronics 

643 Danbury Road 
Georgetown, Connecticut 06829 
Tel: (203) 762-0361 


Schweber Electronics 
Finance Drive 

Commerce Industrial Park 
Danbury, Connecticut 06810 
Tel: (203) 792-3500 


Arrow Electronics 
295 Treadwell Street 
Hamden, CT 06514 
Tel: (203) 248-3801 
TWX: 710-465-0780 


Wilshire Electronics 

2554 State Street 

Hamden, Connecticut 06517 
Tel: (203) 281-1166 

TWX: 710-465-0747 


FLORIDA 

Arrow Electronics 

115 Palm Road N.W. 
Suite 10 

Palm Bay, Florida 22905 
Tel: (305) 725-1480 


Arrow Electronics 

1001 N.W. 62nd St., Suite 402 
Ft. Lauderdale, Florida 33300 
Tel: (305) 776-7790 


Hall-Mark Electronics 
7233 Lake Ellenor Dr. 
Orlando, Floria 32809 
Tel: (305) 855-4020 
TWX: 810-850-0183 


Hamilton/Avnet Electronics 
6800 N.W. 20th Ave. 

Ft. Lauderdale, Florida 33309 
Tel: (305) 971-2900 


Schweber Electronics 
2830 North 28 Terrace 
Hollywood, Florida 33020 
Tel: (305) 927-0511 
TWX: 510-954-0304 


Summit Electronics of Florida 
1200 Stirling Road 

Building #6 

Dania, Florida 33004 


GEORGIA 

Arrow Electronics 

3406 Oak Cliff Road 
Doraville, GA 30340 

Tel: (404) 455-4054 
TWX: 810-757-4213 
Hamilton, Avnet Electronics 
6700 1-85 

Suite 2B 

Norcross, Georgia 30071 
Tel: (404) 448-0800 


Schweber Electronics 
4126 Pleasantdale Road 
Atlanta, Georgia 30340 
Tel (404) 449-9170 


ILLINOIS 

Arrow Electronics 

492 Lunt Avenue 
Schaumburg, Illinois 60193 
Tel: (312) 893-9420 


Hamilton/Avnet Electronics 
3901 North 25th Avenue 
Schiller Park, Illinois 60176 
Tel: (312) 678-6310 

TWX: 910-227-0060 


Schweber Electronics 

1275 Brummell Avenue 

Elk Grove Village, Ulinois 60007 
Tel: (312) 593-2740 

TWX: 910-222-3453 


KANSAS 

dali-Mark Electronics 

11870 West 91st Street 
Congleton Industrial Park 
Shawnee Mission, Kansas 66214 
Tel (913) 888-4747 

TWX: 510-928-1831 


Hamilton/Avnet Electronics 
37 Lenexa Industrial Center 
9900 Pflumm Road 
Lenexa, Kansas 66215 

Tel: (913) 888-8900 


MARYLAND 

Arrow Electronics 

4801 Benson Avenue 
Baltimore, Maryland 21227 
Tel: (301) 247-5200 


Hall-Mark Electronics 

665 Amberton Drive 
Baltimore, Maryland 21227 
Tel: (301) 796-9300 

TWX: 710-862-1942 


Hamilton/Avnet Electronics 
7235 Standard Drive 
Hanover, Maryland 21076 
Tel: (301) 796-5000 

TWX: 710-862-1861 
TELEX: 8-79-68 


Schweber Electronics 
9218 Gaither Rd. 
Gaithersburg, MD 20760 
Tel: (301) 840-5900 


MASSACHUSETTS 

Arrow Electronics 

96D Commerce Way 

Woburn, Massachusetts 01801 
Tel: (617) 933-8130 


Hamilton/Avnet Electronics 
100 East Commerce Way 
Woburn, Massachusetts 01801 
Tel: (617) 933-8020 

TWX: 710-393-1201 


Schweber Electronics 

213 Third Avenue 

Waltham, Massachusetts 02154 
Tel: (617) 890-8484 


Wilshire Electronics 

One Wilshire Road 

Burlington, Massachusetts 01803 
Tel: (617) 272-8200 

TWX: 710-332-6359 


MICHIGAN 

Arrow Electronics 

3921 Varsity Drive 

Ann Arbor, Michigan 48104 
Tel: (313) 971-8820 

TWX: 810-223-6020 


Hamilton/Avnet Electronics 
12870 Farmington Road 
Livonia, Michigan 48150 
Tel: (313) 522-4700 

TWX: 810-242-8775 


Schweber Electronics 
33540 Schoolcraft 
Livonia, Michigan 48150 
Tel: (313) 525-8100 


MINNESOTA 

Arrow Electronics 

9700 Newton Avenue South 
Bloomington, Minnesota 55431 
Tel: (612) 888-5522 


Hall-Mark Electronics 

9201 Penn Avenue South 
Suite 10 

Bloomington, Minnesota 55431 
Tel: (612) 884-9056 

TWX: 910-576-3187 


Hamilton/Avnet Electronics 
7449 Cahill Rd. 

Edina, Minnesota 55435 
Tel: (612) 941-3801 


Schweber Electronics 

7402 Washington Avenue South 
Eden Prairie, Minnesota 55343 
Tel: (612) 941-5280 


MISSOURI 

Hall-Mark Electronics 
13789 Rider Trail 

Earth City, Missouri 63045 
Tel: (314) 291-5350 

TWX: 910-760-0671 


Hamilton/Avnet Electronics 
364 Brookes Lane 
Hazelwood, Missouri 63042 
Tel: (314) 731-1144 
TELEX: 44-23-48 


NEW JERSEY 

Arrow Electronics 

Pleasant Valley Road 
Moorestown, New Jersey 08057 
Tel: (609) 235-1900 


Arrow Electronics 
285 Midland Ave. 
Saddle Brook, NJ 
Tel: (201) 797-5800 
TWX: 710-988-2206 


Hamuiton/Avnet Electronics 

218 Little Falls Road 

Cedar Grove, New Jersey 07009 
Tel: (201) 239-0800 

TWX: 710-994-5787 


Hamilton/Avnet Electronics 
113 Gaither Drive 

East Gate Industrial Park 

Mt. Laurel, New Jersey 08057 
Tel: (609) 234-2133 


Schweber Electronics 

43 Belmont Drive 

Somerset, New Jersey 08873 
Tel: (201) 469-6008 

TWX: 710-480-4733 


Wilshire Electronics Group 

921 Bergen Avenue 

Jersey City, New Jersey 07306 
Tel: (201) 653-4939 

TWX: 710-730-5314 


Wilshire Electronics 

1111 Paulison Avenue 
Clifton, New Jersey 07015 
Tel: (201) 340-1900 

TWX: 710-989-7052 


NEW MEXICO 

Century Electronics 

121 Elizabeth N.E. 

Albuquerque, New Mexico 87123 
Tel: (505) 292-2700 

TWX: 910-989-0625 


Hamilton/Avnet Electronics 

2450 Baylor Drive S.E. 
Albuquerque, New Mexico 87119 
Tel: (505) 765-1500 


NEW YORK 

Arrow Electronics 

900 Broad Hollow Road 
Farmingdale, New York 11735 
Tel: (516) 694-6800 


Hamilton/Avnet Electronics 
167 Clay Road 

Rochester, New York 14623 
Tel: (716) 442-7820 


Hamilton/Avnet Electronics 

70 State Street 

Westbury L.I., New York 11590 
Tel: (516) 333-5800 

TWX: 510-222-8237 


Hamilton/Avnet Electronics 
6500 Joy Road 

E. Syracuse, New York 13057 
Tel: (315) 437-2642 

TWX: 710-541-0959 


Schweber Electronics 

2 Town Line Circle 
Rochester, New York 14623 
Tel: (716) 461-4000 


Schweber Electronics 

Jericho Turnpike 

Westbury, New York 11590 

Tel: (516) 334-7474 

TWX: 510-222-9470 
510-222-3660 


Summit Distributors, Inc. 
916 Main Street 

Buffalo, NY 14202 

Tel: (716) 884-3450 


Wilshire Electronics 

1855 New Highway, Unit B 
Farmingdale 

Long Island, NY 11735 
Tel: (516) 293-5775 

TWX: 510-224-6109 


Wilshire Electronics 
1260 Scottsville Road 
Rochester, NY 14623 
Tel: (716) 235-7620 
TWX: 510-253-5226 


Wilshire Electronics 
10 Hooper Road 

Endwell, NY 13760 
Tel: (607) 754-1570 
TWX: 510-252-0194 


NORTH CAROLINA 
Arrow Electronics 
1377-G South Park Drive 
Kernersville, NC 27284 
Tel: (919) 996-2039 


Hall-Mark Electronics 

1208 Front Street, Building K 
Raleigh, North Carolina 27609 
Tel: (919) 832-4465 

TWX: 510-928-1831 


Hamilton/Avnet Electronics 
2803 Industria! Drive 
Raleigh, NC 27609 

Tel: (919) 829-8030 


OHIO 

Arrow Electronics 
23500 Mercantile Road 
Cleveland, Ohio 44122 
Tel: (216) 464-2000 
TWX: 810-427-9298 


Arrow Electronics 
3100 Plainfield Road 
Kettering, Ohio 45432 
Tel: (513) 253-9176 
TWX: 810-459-1611 


Hamilton/Avnet Electronics 
118 Westpark Road 
Dayton, Ohio 45459 
Tel: (513) 433-0610 
TWX: 810-450-2531 


Hamilton/Avnet 

761 Beta Drive, Suite E 
Cleveland, Ohio 44143 
Tel: (216) 461-1400 


Schweber Electronics 

23880 Commerce Park Road 
Beachwood, Ohio 44122 
Tel: (216) 464-2970 


Sheridan/Cincinnati 

10 Knolicrest Drive 
Cincinnati, Ohio 45222 
Tel: (513) 761-5432 
TWX: 810-461-2670 


PENNSYLVANIA 
Hall-Mark Electronics 
458 Pike Road 

Pike Industrial Park 
Huntingdon Valley, 
Pennsylvania 19006 
Tel: (215) 355-7300 
TWX: 510-667-1750 


Schweber Electronics 

101 Rock Road 

Horsham, Pennsylvania 19044 
Tel: (215) 441-0600 


TEXAS 

Hall-Mark Electronics 
9333 Forest Lane 
Dallas, Texas 75231 
Tel: (214) 234-7300 
TWX: 910-867-4721 


Hall-Mark Electronics 
8000 Westglen 
Houston, Texas 77063 
Tel: (713) 781-6100 
TWX: 910-881-2711 


Hamilton/Avnet Electronics 
4445 Sigma Road 

Dallas, Texas 75240 

Tel: (214) 661-8661 
TELEX. 73-05-11 


Hamilton/Avnet Electronics 
3939 Ann Arbor Street 
P.O. Box 42802 

Houston, Texas 77042 
Tel: (713) 780-1771 


Schweber Electronics 
14177 Proton Road 
Dallas, Texas 75240 
Tel: (214) 661-5010 
TWX: 910-860-5493 


Schweber Electronics 
7420 Harwin Drive 
Houston, Texas 77036 
Tel: (713) 784-3600 


UTAH 

Century Electronics 

2258 South 2700 West 
Salt Lake City, Utah 84119 
Tel: (801) 972-6969 

TWX: 910-925-5686 


Hamilton/Avnet Electronics 
1585 West 2100 South 
Salt Lake City, Utah 84119 
Tel: (801) 972-2800 


WASHINGTON 
Hamilton/Avnet Electronics 
13407 Northrup Way 
Bellevue, Washington 98005 
Tel: (206) 746-8750 

TWX: 910-443-2449 


Liberty Electronics 

1750 132nd Avenue N.E. 
Bellevue, WA 98005 

Tel: (206) 453-8300 


WISCONSIN 

Arrow Electronics 

2925 South 160th St. 

New Berlin, Wisconsin 53151 
Tel: (414) 782-2801 

TWX: 510-227-8390 


Hamilton/Avnet Electronics 
2975 Moorland Road 

New Berlin, Wisconsin 53151 
Tel: (414) 784-4510 


ADVANCED 
MICRO 

DEVICES, INC. 

901 Thompson Place 
Sunnyvale 
California 94086 
(408) 732-2400 
TWX: 910-339-9280 
TELEX: 34-6306 
TOLL FREE 

(800) 538-8450 


. 


ADVANCEI 

MICR(¢ 

DEVICES, INC 

901 Thompson Plac 


(800) 538-845¢ 
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